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MATEMATHKA 


r. B. BAJAJIAH 


YCJIOBHE PA3JIOKAMOCTH ®YHKWHH B KBA3HCTENEHHOM PAT 
B OCHOBHOM TIPOME)KYTKE 


(ITpedcmaeaeno axademuxom M. B. Keadouuem 10 VII 1950) 


B paOore (+) ycraHoBJeHo yC.loBHe pa3.10%KUMOCTH PYHKUMM HEKOTOPHIX KBa- 
3HaHaJIMTHYeCKUX KJIACCOB B KBa3HCTeNeHHOHM pay 


[oe] 
@ (t) = Dd} anon (u, t), (1) 
n=0 
re £€ (0, wl, 
t ty tnt aN ; 
On (u, t) = \ oo alan \ ia) ae dio: ses \ fae fj dt, : 
u tl it 
[ee 
Oi Vos at < Tr gm OO; ena og 


v=] 


(OS ~p (u), i — Leet, (u), (sige ite hs Be 


; g, 4) \" : 
gi(u4) = (4), Praia (¥) = ( a ]  re= ES (2) 


Cel 
uw ® TR / 


B yacTHoM cyly4ae, Kora Y, = k, Rk = 0, 1, 2,..., pam (1) copmagaer c o6plu- 
HbIM psayoM Teviopa. 

B wactosmel padore yrouHsetca Teopema (2,7) paOorbi ('), a TakxKe JoKa- 
3bIBaeTCA AHAaJIOrHYHAA TeOpeMa IIpH MeJVICHHOM pocTe MOCJeLOBaTeJIbHOCTH 
{Yy} — catyuah, Koroppil B (*) He paccmaTpuBavica. 

Onpexenaeune 1. Ycnosumcea ropoputTb, uro dyHKuua @ (ft) mp u- 
PHARMECKUT KAAaAcCcYy Can (Qt) ahaturuwecKkux “ay 


KBaS3HAHANHTHYECKHX MPYHKILH i, CCM BHINOHAIOTCA YCJOBHA: 
1) jo” ()|< m, n= 0,1, 2,..., ¢€ [0,1], rue mocuenoBatembHocTh {1,} 
BbIMYKIO peryJIApH30BaHa OTHOCHTeJbHO JOrapHcpMoB: 


ioe) 


9) je dr = 00, T (r) = sup —; 


r? 
n>1 Mm, 


3) uucsloBas dyHkuua n(r) =n (r, B) mocueqoBaTebHocTH iP Tim}? 
/ n—1 
0 <8 < oo, TaKoBa, 4TO 
ree te C n(t) dt ae 
fim ay) mee wy < Ot = toe 8. 


r 


Onpengeaneune 2. YcuoBHMcA ToBOpHTb, 4TO 


g(t) é Cre. x (10, 1}), 
ecJin 
ig (0) € Cg, (10,1), 


rye % — TIpOH3BOIbHOe 4HCJIO. 
Teopema 1. Beakaa dynkyus g (t), npunadseocauyaa na [0, 1] nexomo- 
pomy Kaaccy Gy; ANAAUMUMECKUX UAL KeasUaHAAUMUMECKUX PYHKYUL, PasAa- 
n 


2zaemca @ cxodsaumuticn na (0, ul, O< u< 1, KeasucmenenHoit ps0 


co 
g (i) = me Ann (u, t) 
n=0 
nplu nocaredosamerbHocmu {yy}, eCAU BbINOAHSIOMCA YCAOBUA 


m, 
, 


vy S20 |) eae 


Yo ae 0, Ty 7 B : 
my,_4 


mie 6 640, a2 (1 +V 2) , A onpeyeseno B (3). 


Caeaetrsue. Teopema | cnpapeqiupa, B YacTHOCTH, Kora ycoBue (3) 
olpeyeseHua 1 3aMeHeHO yCJIOBHeM 


n(t n(r 
sup“) & 2 Jog A. (3’) 
t>r if 
Teopema (2,7) paGorpi (') aBAseTCA “UaCTHBIM CJlydaeM CJIeqCTBUA TeopeMbl |, 
m n(t 
Tak KaK H3 HaJiO%KeHHOFO TaM xa | — yCJIOBHA CyleqyeT, 4TO “ | | MOHO- 
My_4 ‘ 


TOHHO, IIpH¥eM NOJIyYeHHOe 3flecb YHCIO B MEHbIMe, YEM COOTBETCTBYIOWMH KO>p- 
m 
guuvent mpa——— Bs (’). 
n—l 
SameTuM, 4¥TO Teopema | jaeT pelleHve MpoOsiempl Kapsiemana, MocTaBueH- 
Hol B 1926 r., 0 NpelcTaBNeHHH KBasHaHasMTHYeCKOH PyHKUMH CBOMM 3JIeMeH- 
TOM (MHO2KeCTBOM MOCeLOBATeIbHEIX IPOM3BORHbIX B OLHOM TOUKe) pH Jono.N- 
HUTeIbHOM OrpaHHueHHH, a HMCHHO pH ycJIoBHH (3). 


PaccmMoTpHM Tellepb CJlyyai, Kora 4HCOBad dyHKuHA n (r) MocmejoBa- 
m 


TeJIBHOCTH {5 TaKOBa, UTO 


(til: 
TAT) n\ Bek, (4) 
rae A > 0 — nekoropoe uucyio. B nmocmemHeM clyuae CKaxKeM, 4TO NOCes0- 


m 
BaT@JIbHOCT ee pacrer MejWIeHHO. 
n—1 


Onpengeneunue 1’, Oynxuna g(t) wa [0,1] npoHagnexuT 
Kdaccy Cmy(l0, 1]) ananuTH4eCKHX UNM KBaSHaHaH- 
THUYUCCKHX MPYHKUAUH, eCAM yYROBJETBOPAIOTCA yCJIOBHA: 


1) |g @|< m, n=0,1,2,...,¢6€10, 1], rae nocneqoparenbHocTs 
{Mp} BbINYKJIO PeryJIAPH30BaHa OTHOCHTEJIbHO JOTApH@MoB; 
Cc 


2) \ eer dr = Cop Er) = sup. 


nS1"n 

Kaace byukunit Comp) (10, 1]) ormmuaerca or Kaacca Cym,) (10, 1]) Tem, 470 
B MocleqHeM cjlyyae TpeTbe ycloBHe (3) cHATO. 
10 


ment ee ee " 


~ 


AHaJIOrHuHO OMpesesneTcaA Kslacc 
Cem, xy (10, 1)). 
Teopema 2. Beakaa dynKyun 
p (2) E Coma) (10, 1]) 
pasnaeaemca 6 cxodsuutica na (0, uj,O << u < 1, Keasucmenennot p20 


p(t) = >} anWn (u, 2) 


n=0 


Npu nocredogamenrbHocmu {Yy}, eCAU BbINOANAIOMCA YCAOBLA 


dS eons 
To ’ Ty = fig 

20e B > 12-34e, A > 0 onpezeneno B (4). 
B oriMuue of JOKa3aTeJIbCTBa TeopeMbl (2,7) pa6orbi (‘), 3necb byHKuna @ (2) 
clepBa pasJiaraerca B pay, Dypbe No NoJMHOMaM Jlexaunpa, o6oOmjeHHO AHd)- 


cbepenuupyerca B cMbicuie (2), MocsIe sTOFO yxKe OLeHHBaeTCA CBEpXy |Pp+y (4) |. 
JloKa3atTeJIbcTBO 3aBepllaeTca OleHKOH 


n 


Ra = Cilla Ontay, ( 2) = 
k= 
t t a ’ pb 


ua Noe (t0) dto\ et dts\ GE a I a a a 


u to to ty 


SaMeTUM, 4TO OLleHKAa | P+, (t)| B yCMOBHAX BTOPOH TeOpeMbI BO MHOTOM OT- 
JiMuaeTCA OT TOM 2%e OMeHKH B Teopeme |. 


MuctutyT MaTemaTHKH H MeXaHHKH TloctynHs10 
Axayemun nayk ApmCCP 21 V 1960 


HHMTHPOBAHHAH JIMTEPATYPA 


1T. B. Bagaann, Usp. AH ApmCCP, 6, Ne 5—6 (1953). 


11 


Jloxxayp Akagemun nayr CCCP 
1961. Tom 136, Ni 1 


MATEMATHKA 
Jl. A. PYPEBHY . 


O BASHCE B MPOCTPAHCTBE ABCTPAKTHbIX ®YHKI[MM 
(IIpedcmaeaeno axademukom C. JI. Co6oaesum 15 VII 1960) 


1°, PaceMorpHM OJHOBpeMeHHO Ba OaHaxOBbIX MpocTpaHncTBa: aOcTpakTHoe 
mpocrpauctBo X uM cbyHKWMOHAabHoe MpoctpaxctTBo B. 

Or mpocrpancrpa X norpe6yeM TO.IbKO, 4YTOObI OHO UMeIO Oasuc {u;}, CO- 
NIpsKeHHbIe (PyHKIMOHaIbl KOTOporo o6o3HauHM {jy}. 

Ha mpocrpancrso B HaloxKMM ps, yCOBHi: 

I. Oyuxuna a (t) (O< ¢ < 1) npuuagnexurt B Torza MU TObKO Tora, ect 
CyUeCTBYeT MOCuIeLOBAaTeIbHOCTh CTYMeHYATHIX CyHKUHH {ap (A}, cxoqauas- 
Ca mlouTH Be3ze K a(t) H CxOsallaica B ceOe MO HOpMe 3TOrO MpocrpaHcTBa 
| Qm (t) — an (4) |p > O mp m,n — co. Mbt nomaraem, uTo Hopma a (t)EB 
olpemeasercsa papexcrsom | a (ft) ||p = lim |an (4) |g. Tipu stom npegnonaraer- 

n—->Co 


CA, YTO HOpMa (yHKUMH, MOUTH Bese paBHOH HyJIIO, paBHa HyVJI1O. 

Il. Econ a (2) u 6 (¢) — mo6pie pynxuun us B u [a (t)| | 6 (¢)| mourn Bes- 
xe, 10 ja (|e <[b (|. B uacrnocra, ||a (|e =| a Ol. 

ITI. Ila smo60H crynenyaron dyHKuun a (f). 


ab 
Va) dt|<Cla@ |p. (1) 
0 
IV. IIpocrpaucrso B oOmaaer 6asucom {e; (t)}, ConpsxKeHHbIe dyHKUHo- 
HaJIbl KOTOporo OO603HauHM {87}. 
Jia cbyHKkuni npocrpancrBa B onpesenetca OOIGHbIM OOpa3oM MHTerpail. 


Ecam a (f)€B uw {dn (é)} — nocneqoBaTenbHOCTh CTyNeHuaTEIx yHKUMi, Cxo- | 
ut i 1 


Iauasica K a (t) MOUTH Be3ze H B Ce6e 0 Hope B, To \a (t) di = lim | an(é)at. 
“ n—-oo 
0 0 
[Ip stom HepaBexcrTBo (1) BEINOHAeTCA Ia Bcex yHkuM u3 B. 
Teopema l. Ecau nocaedosamenasnocmb {ay (t)}CB cxodumca noumu 
ee30e K @ynkyuu a (t) u 6 cede no Hopme B, mo a (t) npunadaeacum B u nocaedo- 
eameabHocmb {an (t)} cxodumca K a(t) no Hopme B. 
2°. Bynem o603HauaTb B JlaJIbHetliem yepes Mt mMHowKecTBO BCeX CTyMeH4a- 


ThIX PYHKUMH, OMpezeseHHbIX Ha orpeske O<?< 1 co 3Hayenuamu B X. 


x 

O6osHauuM yepes B” MHOxKeCTBO, cCosep2Kallee Te HM TObKO Te (byHKIMMH 
ae o o 

 (t) (O<¢t< 1) co 3Hauenuamu BX, AA KaxKol u3 KOTOPbIX HalifeTca No- 

cueqoBaTesbHOCcTh {@p, (¢)}CM, cxoxamanca k M(t) MOUTH Be3me H CxOLaMadca 


B ceOe B TOM CMBICMe, ¥TO || |@m (4) — @, (|| |,, > 0 mpu m, n — oo. Mbt no- 
Jaraem | @ (A)|px = lim] Ie, © Ixe- 


B* — smueiinoe HOPMHPOBaHHOoe IIpocrpaHcrBo, OOJaatoulee CBOHCTBaMH > 
1. Ecan @ EB", 10 |p @) |x€B u |e 4 Ixlp =l9 Ollyx- 

2. Eenu a (EB u x€X, to a (t)x€ BY. 

3. Ecmm f€X* u@ (1) GB", To f Ip (EB. 


n—>0o 


. 1 
4. Jun p(t) us B* onpenenseres HHTer pal \@(é) at = lim | Qn (t) dt, 
i 


0 


Te {Pn (t)} CM cxoguresn x @ (t) MOUTH Be3sze HM B CeOe IO HOpMe Be IIpu stom 


1 i 
CIPaBeJIMBO HepaBeHCTBO | \° (t) dt} | <\V¢ (2) |, dt 
0 0 


5. Ecmu f€ X* u @ (ft) € BX, To 


a 


\ Fle @ldt = il\s (i) dt}. 


f 6. Ecau @ (2) EB™ u {on Sie CXOMMTCA K @ (f) MOUTH Besye HB Ce6e TO 
- HOpMe B*, to {pn (t)} cxomutes K @ (¢) no Hopme B*, . 

ib Jlemma l. Ecau nocaedosameaonocmb {Qn (t)} c BX cxodumca noumtu 
_ €e30e K dyxnkyuu @ (t) u 6 cebe no Hopme B*, mo @ (t)€B* u {qn (t)} cxodumca 
« Q(t) no xopme B*. 

Teopema 2. J[/pocmpaxcmeo B*  noano. 


Tlonoxum x;; (t) = e; (¢) uj. Mbt crapum 3anauy * joKasaTb, ¥To PyHKWMH 
Bi; (t), pacnouIoxKeHHbIe onpeyeseHHbIM o0pasom B IIpocry!0 nocwleqoBaTedib- 


} HOCTb, OOpasyior Oa3suc B mpocrpancrBe B. Jina pewienua mocraBeHHoli 3a- 
au HaM NorpeOyeTcs ele OHO MpeMMoOr*KeHHNe OTHOCHTEIbHO MpocrpaHcTBa 
+B. KoTopoe Oyler y:Ka3aHO B CuJleyrOlleM IyHKTe, 
3°. @ynKuvonan g&B* mbl MoxemM paccMarpHBaTb Kak omnepatop, Jelicr- 
o x o 
' By} B UpocrpauctBe B* u nepeBo AHH ero 31eMeHTbI B 3JIeEMeHTHI X. 
C 9ToOH WeIbiIO OlpeseHM 3HaueHHe ONepatopa g Ha CrynenyaTon PyHKUMH 
m 


" 


« (t),.9(2) = > xixa,{t) (rae Az (i = 1,2, ...., m) — MuTepBambl MocTosH- 


: 1=1 
cTBa @ (t), x, € X — ee 3HaYeHHA Ha 3THX oe M Xa, (t) — xapaxrepu- 


_-ceTuueckad dbyHKuua A;), monaran ge (t s) xg lyxa, (t)]. Torna oneparop g 


‘Oyler ompenesen na Mu Syyzer aquTuBer i - ommoporen. Ox OyfeT MU orpaHH- 
weH, Tak Kak || gq (t) ||, < |] gl[,« || (A) ||,x. Pacmpocrpanaa g mo HempepbiB- 
‘HOCTH Ha BC€ IIpOCTpaHCTBO, MOJIY4HM JIMHeHHbIM oMnepaTop, olpeyeseHHbIit 
na BX y oToOpaxkaronlmli ero B X, 
OnpeyeseHHbld Tak oNepatop g oOlafaeT CJIeELYIOWMMH JBYMA CBOHCTBaMH: 
1) Eeawa(i)€B,xéX ug eB", to gla (t) x] = xg la (A). 
2) Ecnu f6X*, géB* u g (1) EB", 10 f [ge (Ol gif le (O)} 
PacemoTpHM BbipaxKenne 


2 sais 


m7 
Km (t) = > é; (2) g., (2) 

i= 
ee otones pH duKcupoBanuom ¢ mpenzcraBisaer aiement us BY. B CHJy Mperer- 
* myulero MbI pioweu ero PACCMATPHBATH Kak olleparop, Fehcra yoy B IIpoct- 


+ paverse B* wy nepesorsmuli BX p B*. Has g(t) €B* 
E 


a7 


Km (1) @ (7) ie x Xi (Z), Mi ae &iP (tT): 


“-Tenepb elle OHO yCoBHe, HakslaybIBaemoe Ha B, MoxKHO pa as TaK: 
__ -V. Cymecrsyer takaa Koncranta K > 0, uro || Km (¢) @ Olax <K || eI px- 


' 4° Jlemma 2. Alva sboti dynkyuu ~ (QA6B » Dis S! xe; (t), 20e 
i=1 
1X: = gi (t) uw psd cxodumca no Hopme Be. 


5 See Be eee 
/ * Ora sayaua Opa nocrapaena M. A. KpacnoceabcKum wa BOpoHexKCKOM ceMHHape 
m0 (pyHKUMOHaIbHOMY aHavMsy. 
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JIemma 3. Aza so6o0t myxkyuu @ (t) eB* gf= Sf le Olu, ede 
i=1 


oe 
ps0 cxodumca no KHopme npocmpaxncmea B’. 
JlemmMa 4. IlocaedoeamenroHocmb 


Srg (ft) = > >! Ejxi (t), 20e &j =a (fi le OI}, xy () =e (2) u;, (3) 


i=1 j=1 


cxodumca 6 npocmpancmee B*, kakoea 6o1 Hu 6otaa @ (t) EB. 

5°, PacnonoxuM Telepb JBOHHY!IO MOCJIeOBaTeIbHOCTh {Xj Ora = 
= 1,2,...) B Mpocry!lo NocdefoBaTeJIbHOCTb M, COOTBETCTBEHHO, JABOMHYIO: 
- cymmy (3) npH n — occ B MpocTok pay Tak, 4roOb! Obi0 coOuIOAeHO CuleLyromlee 
YCIOBHe: CCIM B3ATb CyMMY / TlepBbIX WIeHOB 9TOTO pxAa, TO Mp m = n? 
9Ta CYMMa JloJbKHa CoBMalaTb Cc (3). ITO MOX*KHO ChleaTb Mo Cylelyiome Cxeme: 
yJIeHbI mocweqopatesbHocTH {x,; (4)} pacnosaraioTca rpynnamu mo 2n — | 
qeHos (n = 1, 2,...), B KaxkKJOM H3 KOTOPbIX HaHOOJIbIIMH U3 HHZeKCoB ft 
Mu j paBeH nN; B KaxjOH rpyrne wWienbl pacnomaraiwTcA B MOpAyKe BospacTa- 
HHA TlepBOroO HHAeKca, a pW OMHAKOBOM TlepBOM — B MOpsyKe BOspacTaHia 
Broporo. Tlowyuatorca mocmenoBatesbHocTb (4) u psx (5): 


Citi eC BO Opin OCIS X23, NBls C825 NOS Hey en et (4). 
Eiaxia (£) fF Exaxie (1) - Gorver (1) “= Eogtea (f) cig as Mh) ee (5): 


Mp qoKaxKem, uTo pan (5) cxoquTCH NO HOpMe MpocrpaHcTBa B*, KaKoBa Obt. 
HM Obilia dyHKuna @ (2) €B*. Tak Kak, Kpome Toro, cuctema (4) nowHa B mpo- 
crpaucrpe B*’, uTo HeMocpesCTBeHHO BbITeKaeT H3 MpebIyWIHX yCJIOBHH, TO: 
TeM CaMbIM OyeT JOKa3aHO, YTO OHA ABJIAeTCH OasHCcOM B MpocTpaHcTBe BY 
O6osHayuM CyMMy m TepBbIX wieHOB pata (5) uepes Sm» @ (t). Coorsert- 
CTBEHHO JIaHHOMY 7/7 MlogGepem Takoe n, 4uTO n?><m< (n+ 1)*. Torna 
Sim (t) ri Sn (t) “ip co) (2), (6) 
rue S,p (f) onpexersnetca dopmysou (3), a wo) (¢) ecrh CyMMa HeKOTOporo 4HC- 
Jia @% uleHOB pga (5), BxommmUx B Sp+19 (f) M He BxomsmHx B Sp@ (¢). Tounee, 
wo (t) BbIpamkaeTcA OMHOM M3 CulekyioulNx AByx dopmy.: 
a 
DE, nti, nt (0, l<acn,) (7) 


| 

| 

| > &, ntiXi, n+1 (?) “Te >) Ens, iXn +1, 2 (t), tL as 1 < a < rn (8) 
i=1 


== 


@{@) (f).= 


B cusy semmpl 4 4 papencrsa (6) HaM XocTaTouHO LoKasaTb, uTo | w'® (Z)|,,x +O 
pH #1-+0o paBHOMepHo OTHOCHTeIbHO a. BcergzacnpapelIMBO HepaBeHcTBo * 


| Un I. \| fn Nira (9}: 


Tlycrp w\;? (¢) Bbipaxkaeres dopmyaoit (7). Torna 0? Havonl Dy Xie: (t) Jonesy 


Ol 


x; = gp (t). Monomum e (t) = @ (f) — >) xe (1). B cay aemmpt 2 mpl Mookem 
j= 


YTBEpKJaTb, YTO JIA WaHHOrO uNca & > OY HalfeTCA Takoe HaTYPaJIbHOe YHCIIO: 
a1 (e), YTO Tp a> a1 Gyzer 


|| ea (4) [px < e. (10): 
Ilycrh ao = 1, 2,...,01 — 1. Tora, B cuny aemmpt 3, uMeem pH qocTa-- 


* Ero cipapequpocTh Jaa mo6oro 6asuca Oba yKasana Mue M. A. Kpacnoceapckun.. 


ret by xe; ( (0)| Un+4 


® > a1, TO, B CHy JemMbl 3, || fri [p (iy) Until|eX < © M, IpHHHMas BO BHH- 
manne (9) u (10), nonyaum 


Jon Ol x <I fetale OQ) ntl +l fess [ee O) Wotalgx <C + 8) e. 


Ilycrp Tenlepb Juin w” (t) umeer Mecro BbIpaxkenHe (8). TlepBoe cjaraemoe 
- TipaBoit uacru (8) CTpeMHTCA K HyJIO B CHJy Tex 2Ke CoOOpaxkeHHi, TO H B Mpe- 
JibILyuIeM Cyuae. OcTaeTca oKasaTb CTpeMJIeHHe K yale BrOvoro <maracyoto 


ofl 
S 


Vimeem, B CHJY JIeEMMbI 2, | 2 Saw 2 Mata, 7 (2) eo 
M|| Xn41€n+1 (0) )I, x27 0 rite h > oo HesaBHCHMo OF " 'CreqoparenbHo, paB- 


TOUHO GO/IbUIOM 1 | ao” (2) Vax = | , veo €. ECA Pe 


; [Xan (t ilu 


x 


- HOMepHO M10 @ jj a (t) lx — 0 mpH n — oo HM, TakHM oOOpa30M, OKa3aHa: 


— Teopema 8. [pu eoinoanenuu nepeaucarennorx eouue ycaoeuti cucmema (4) 
 ectne Oasuc 6 npocmpancmee Be 

: 6°. Tlokaxem, ro cenapaGenbHoe mpocrpancrzo Opuuua in, Ey (2) 
5 


wu L? (1 <p < oo) yaoBnerBopsior BCeM yCJIOBHAM, HaJIO*KeHHbIM Ha Mpocr~ 
paxctso B, ecJiM paccMaTpuBaTb B HHX Oa3sue u3 dbyHKuMH Xaapa. Ilpocrpan- 


crso B* npu B = Lu (um Em) Oynem oOo3sHauaTb By. Yenosua | — III 
lipopepsroTcad Oe3 Tpyla. Ocraerca WoKa3aTb CiipaBeJIMBOCTb ycIoBuA V. 
1 


B mpocrpanctpe By umeem K,, (t) @ (t) = | Walt t)o(t) dt, N,,(t,t)= 


: m 1 

=>) & () & (st). Mostomy || Kn (4) 9 (0) Ix < VI Nm (t, ) || @ (2) Ix dt. O60- 
ii P 

'3Ha4HM yepe3 ay, d2,...TOUKM JemeHua orpe3Ka [0, 1], KoTopble BxXOAT B. 
onpefesieHHe m mepBbIx PyHKuMH Xaapa ei(t), e2(t),..., em (t), pacnomoxen- 


Hble B MOpAKe BOSpaCcTaHHA HW BKMOUaOIIMe TOUKH Ou 1. OyHKuMA Nin (f, T) 


Mp a, < ¢ < Qy4, MpwHUMaeT cueylommMe sHaveHusAN » (Cf, ) 


Ans y— Ap’ 
ay ee (t,t) — 0, Tt On WAY t > pty. 
1 
| 4 
>» CyefopatetbHo, 1pH ay < t < Any Vn Ile () |, dt = rT 
g 0 
OR+1 
x \ |p (x), dv. Ilpumenas wurerpabuoe nepapencrso Vencena, noryuu 
aR 
i Ch+1 
pMp4 an< tb < aay MI||Kn (9 (DIx]< a a \ M Ih (t) |x] dv. 
m ‘ nt R 


UR 
7 1 1 
M3 sroro HepaBeHcTBa Cle yeT Hepawencrso \ M{||Km(d) p(t) | | dt< \ M{\@(d|x Ide, 
0 f 
M3 KOTOporo Nowy4yHM || Km (2) @ (+) [aBy<| (@) ay, YTO HM MoKasbiBaer cripa- 
BeQVIMBOCTh ycoBus V B mpocrpancrse By. Ipocrpancrso boxuepa (?) ti 
By (°) — uacrupie catyyan mpocrpancrsa By. 


| BopovnexcKnit cebCKOXO3AiCTBeHHBIIt [loctynusi0 
HHCTHTYT 7 VII 1960 r. 
UWMTHPOBAHHAA JIMTEPATYPA 
d 1M. A. Kpacuoceancxkui, A. B. Pytuukuit, Bomykape dyHkuuH u mpo- 
‘ctpanctsa Opanua, M., 1958. 79. Xuaa, Pynkunonanpuplit ananu3. u Monyrpynmnn, 
fee, (9ble 26C. JT. Co6on es, JJAH, 114, Ne 6 (1957). 
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Jlokuann Akafemuu nayr CCCP 
1961. Tom 136, Ne 1 


MATEMATHKA 

B. ®. JbAYEHKO 
O 3AQAUE KOM JIS KBASHJIMHEHHbIX CHCTEM 
(IIpedcmasaeno axademukom M. B. Keadouuem 11 VII 1960) 
PaccmMoTpHM age 3 CHCT€MY KBa@3HJIMHCHHbIX ypaBHeHHll 
Of Sie 
ott sn (1) 
RHE m= Ltr, Dae iG en Ry .. +5 fry. OObIGHO OOOONIEHHEIM pelle- 


HHeM CHcTeMbI'(1) Ha3bIBalOT KyCOYHO-HeNpepbIBHYy!O PyAKUHIO u (x, 1), yOB- 
HE€TBOPAIOULY10, YCJIOBHIO 


budx— f(u) dt =0 | (2) 

e 
quia J060ro KoHTypa I. Kak u3BecTHO, MIpH TaKOM oNpesevieHHH 3azaua Kom 
IIa cucrembl (1) HMeeT, BooOme TOBOpHA, HeeXHHCTBeHHOe pellleHve. B pa6dore 
VW. M. Tenpcauga (*) mpeqaraetca apyroe ompeyzemenve o6oOmjeHHOro pellle- 
Hua. A MMeHHO, BMecTo cHcTeMpb! (1) paccMaTpHBaeTca allMpoKCHMUpytollad ee 
CHCTeMa C BASKOCTHIO 

apap rs Lae 3) 
ig Ox Ox 
re &€ — Maubli mapamerp, a B (uw) — NpousBosIbHad MOJIOKUTEbHO-oNpesje- 
JeHHad MaTpuna. PyHKuna wu (x, f) Ha3bIBaeTCA OOCOMEHHbIM pellieHHeM CH- 
crembl (1), eCIH OHA ABJIAeTCA Mpezenom (npH & — 0) pemenult ue (x, ft) cucte- 
mbl (3). Mbt TokaxkKeM, 4TO H 3TO OMpeeweHHe He OTOMPaeT CMHCTBEHHOrO pe- 
WeHH St. 
PaccmorpHM cucTeMy ypaBHeHHli 


Ou G) if 3 | fe) Ou Ov 
ear, u) =e 5-(b(u) 52— 52), 


O Ov? 6) (6) 0 ) 
U Or u U 
Safina ta ea es-(—a +3) 
re 
cos (- L ) 
{ ni ae 

OE ea i a 

C Ha¥aJIbHbIMH JLAHHbIMU 
4x 4x 


w= th. o= On. 5) 
E & 


HenocpeycTBeHHolt noxeraHoBKoH yOexyaemca, uro cucrema cbyHKuHit (5) 
eCTb pelleHHe 9TOH 3ayaun. 
C [pyro cropoubl, paccMoTpuM cucTremy ypaBHenuit 


Ou 0 ( 3m \=e Oru 


Tara hea (ERS Ra ar ae 


Ov O07 ey 30? t >) 


[Oh|) ted@lx. LIL “HOR, 
46 


Ie 


ke C TeMH 2Ke HaYaJIRHbIMH JaHHbIMH (5)..Cucrema (6) cocrovr u3 2ByX He3aBHcH- 
f MbIX ypaBHenuit. Tlostomy, Hcnoub3ya pesybTaTbI, MosyyeHHble B paborax (1,”), 
_MOXKHO NWOKasaTb, 4TO 3ayaya (6), (5) pH AocTaTOUHO MaJIOM & MMeeT pellleHne, 
_ Onv3Koe K Cresyromlemy: 


{sign x np 4 | ee. 
q [2 are sin (=) npn |4|<a; (7) 
Bia SISILX, 
is 


| THe @ — HavMeHbINHH NOJOMUTEM_HbI KOpeHb ypaBHeHHsA 


: 2\2 2 oar 

' af (ee. se. ee a Wee 

} a (( art ee (1 $y are sin x=) ) t. 
 Cucrempi (4) 1 (6) —s80m0uHOHHBIe, anmpoKcHmMupylot omny HW TY »Ke CH- 
ee ranepOoMuecKHX ypaBHeHHit 


A 


Sie ee NE i NRE = 

. dt aa pall ee 
du Ov? 

, iopar vag? 


“Hi OTMUAIOTCA TOKO MaTpHilamMH BasKocTH Bu). Tem He MeHee HX MpesesbHbIE 
(mpw ¢— 0) pewieHua oveBHAHbIM O6pa30Mm He coBlasaior. OnHO ecTb 
u=sign.x, v = 2 sign x, 
ha ipyroe (7). 

IIpu nocTpoeHuv MaTpHUbl BASKOCTH B CucTeMe (4) OblIH HCNOb3OBaHb! Hen, 
_coyepKaveca B padote C. K. Tonyuosa (?). 
_ Wlomp3ytocb cayuaem BbipasuTh OnarofzapHocTh V1. M. Tempdanzy 3a wex- 
“HbIe JHCKYCCHH. 


Ilocrynusio 
8 VII 1960 


IMTHPOBAHHAA JIMTEPATYPA 


, 1M. M. Tensgdaug, YMH, 14, B. 2 (86) (1959). 2A. C. Kadamwuw kos, 
BAH, 127, Ne 1 (1959). %C. K. ToxyHos, TAH, 134, Ne 6 (1960). 
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Jloxaagm AkayemMun nayr CCCP 
1961. Tom 136, Ne 4 


MATEMATHK A} 


Jhoymuta KEJI DIL 


O BJIOKEHHH B £* HEKOTOPbIX MOHOTOHHDbIX OBPASOB E* 


(ITpedcmaeaexo axademuxom IT. C. Aaexcandpoeoim 8 VII 1960) 


3 
1. Bur nocrpoud HempepbiBHoe pasOvenne EL; TpexXMepHOro 2BKJIMAOBa Tpo-| 
crpaucrBa E%, 9ieMeHTaMH KOTOPOTO ABJAIOTCA TOUKK WH pysHble (tame) mpoctpie 
ayru * uw mpocrpancrBo KoToporo H HeBnoxumo B E*(*). MHoxecTBo HeBbIPOx- 


laiomlaxca (B TOUKY) sleMeHToB pasOvenusa E} HysbMepHO H KommaKTHo. Kypruc| 


yka3aJI JOCTaTOUHOe YCJIOBHe JIA BJIOXKMMOCTH MOHOTOHHOTO OOpasa E* g B" 
MW moKkasam (°) Ha OCHOBaHHH Hero, uro H TonomormyueckH BsO%KUMO B E*, a Buur| 
nokasan (°), uro E* = HXE!, rae E} — npsamaa. Mobi ykaxKem 3ecb JocTaTo4-| 
HbIii KPHTepuii 1A TOMOMOTHYeCKON BJIOXKUMOCTH MOHOTOHHOrO oOpasa E* B E*,| 
OTIMUHBIN OT KpHtepHia Kyptuca, 43 KOTOpOrO HeMocpeyCTBeHHO CJlefyeT, 4TO! 
H snoxumo B E*. 

Mp! paccMaTpwBaeM HelpepbiBHoe pa3OvenHe E*, y KoToporo 3aMbiKaHve} 
MHOXKeECTBA BCEX HEBLIPOKMLAIOMHXCA BICMCHTOB pa3OHeCHHA HYJIbMepHO H KOM- 
MaKTHO, a KaKJIbIM HeBbIPORMaloulMlica suemMeHT € ecTbh MM ABHBIH KO H- 
THHY YM; MBI Ha3biBaem KOHTHHyyM KCE? naaBpubM, ecnu E?\ Ki} 
roMeoMopdHo jonomHennio E® x touke. Buxr moKka3aq, YO MpousBoubHyt0) 
Tonosoruyueckyo chepy S* B E* mMoxHO kak yroxHO 61M3KO allmpokcumupo- 
BaTb NoMMapalbHou ccbepot (*). B cumy Teopempt Anexcanzepa ('), Aa no- 
JMI[pasbHOn ccepbl cyilecTByeT TOMeomMopdHoe oToOpaxenHe £? Ha ceOs, pH 
KOoTOpom S? nepexoguT B ccbepy x?-+ y?-+ z* = 1, u B cuay Teopembl Moiica (*) 
in sOObIX BYX  KOHeUHEIX  MocMeMoBaTeMbHOCTeH  MONHILpasbHbIX 
ebep BE? se 


Si Des 2S. eo 


cymlecTByeT romMeoMopdHoe oToOpaxenue gq: E? + E*, mp Kkoropom 


@ (Sz) = Sp, R= 1, 2,..., n. Ha ocHopanuu sTHx TpeX TeopeM JIerKO oKa- 
3aTb, 4TO YcAoeue NAaeHOCnU KoAMUuNyyma K 6 E® akeueaneHMHo ycAoeuto: Ka- 
K060 Obl HU OblAo & > 0, cyecmeyem oKpecmHocmb KoHmuHyyma K Ouamempa <é,} 
samblkaHue Komopot ecmb norusdparbHolti wap. 

2. OOosHauum yepes P = {E} MHOxKeCTBO BCeX HEBbIPORKMAIOWMHXcA 9we-| 
Me€HTOB HeKOTOpOrO HelpepbiBHoro pa3sOuenua E*, a uepes P* = U §& — Teo-| 
PpeTH KO-MHOMECTBEHHYIO CyMMY STHX 3JIEMeEHTOB; Yepes As OOOSHAUHM HelpepbiB- 
Hoe pasOvenne mpocrpanctBa A, a yepes f (A) — mpocrpaHcTBo 3Toro pa36ue-| 
HHS. 


Teopema l, Ecau E} — nenpepoienoe pasbuenue E* na mouku u nAQéHble 


KOHMUHYYMbl MaKoe, “MO saMbIKuriue P mHoscecmea P ecex HeébipoosxcOarolyUxcal 
INEMEHMOE PASOUeEHUA HYALMEPHO U KoMNAaKMHO, mo npocmpancmeo smoeo pa3-| 
duenua f (E*) mononoceuuecku enoscumo e E*, 


* TIpocraa gzyra [CC E® nasprpaetca py 4HOH, ecmM cymlecTByeT roMeOMopHoe oTO- 
Spaxennue g: E%— E3, npu Kotopom J nepexoquT B oTpesoK mpamoit. 
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i. HlokasateJIbcTBO Teopembl 1 OCHOBaHO Ha J{ByXx JIeMMaX. 
JlIemma 1. IIycme E*= E*xE1 u W = Ax a, 6), ede A — pyunott mo- 
noAoeuseckut wap 6 E?; la, 6b] — ompesox E*. Kakoeo 601 nu 6vta0 uucao & > 0 


u ceemenm [a’, b’], a a a’ <b’ <b, natidymcsa dea py4noix mononoeuuecKkux 
wapa 6 E% ; 


NCACAGIA 
makux, «mo * 
. dianvA < e:, A (A, A) <4 


u monodoeuuecKoe omobpasenue 

oe | 9: V = W, 

Henodeusi Hoe Ha epanuye W unepesoduyuee W = Ax [a’,b’] eW* = A*X [a’, b’ 1 
_ makoe, «mo 

| o(M JAM", 1); 
20e MEA, MACKS LEE a < t < b 


Jlemma 2. Ecau E} — ea terenie pasOuenue E*, yOoesemeopsiowee yc- 
Aoeusim meopemet 1, mo 3amolKaHue cymmot P* ecex HeéebipoocOaAnmnujuxcaA aNeMeHMNOE 
pas0uenus npedcmasumo 6 eude 


oer coo Np i Beer Oh oe 
)P =A Vuk 1 P= AU am, o 


—e0e ebb. U* ecm o6aacme, COCMOAUAA U3 Yelblx aAeMeHNOs pasbUueHUA Ej, 
 eparuya Ut ne nepecexaemca c P* u 


Ui t.U =A Osan nen’. (2) 


= 3 h - 

_  Kaacdoe Am — noausdparonolii wap, npuwem Ona Kancdo2eo Up, Hnatidymca 
ey 
Uru A‘, maxue, amo 


Che Wa ne oye (3) 


u moboe &6P npedcmaeumo @ eude 
j ; = On, Bee On =i 2 (4) 


V3 ycnosua (2) cmenyer, uro mpescrapsenue (4) ofHosHauHO. B cuuy (3) 
— MO%KHO Hpelcrapath TaKoKe Kak TepeceyeHve NOMMILpaIbHbIX WapoB navi 
| o§Hako Wap bi Ata Nee MOryT NepeceKaTbCA, MOsTOMy Takoe 
_ Wpewcrapsienue & HeowHOsHauHO. 
; 3. Umea ROKASATCALCTBA TeOpeMBEl 1. Msi crpouM cHauauia 
Bb E* nopepxuoctb L, 3afaHHy!0 HempepbiBHon dyHKUMeH 
. Pa (=F (MY UM EE, YEE; 
D Rk 
‘tak, uro F(M) nocrosuua Ha Kaxkom konTHHyyme EP. Jina storo kKaxyomy Up, 
; Rk 
MBI CTaBHM B COOTBETCTBHe OTpe30K %, CE! Tak, 4To 


wea =A, ecan UF (Uj =A; 

7 ie oe We ecm Ul Ut, 

f JWIMHBI mp CTpeMATCA K Hysi0 BMecte c 1/k. 

| SE 

| * Uepes h(A, B) Mbl o6o3HauaeM Xaycfoppono paccToAHve Mexky MHOKecTBaMH A u B 
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Tlonaraem 


rye 
co (oe) 
Rk Rk 
5= ) Un, t= () Mn 
k=] k=] 


ea F jo HempepbiBHol dbyHKuHH Ha E* nw o6o3Hayaem yepes L 
rpamuk F 
3aTeM MbI BbIOMPaeM NOCJeLOBATeIbHOCTh YHCeI &, > 0, &, — 0, HM CTpouM 
HOC JI@MOBATeJIBHOCTb TOMEOMOPOHEIX €,-CiBHroB E* Ha ce6a: G1, G2,-- +1 Pn» --- 
Tak, 4TO Jia romeomophusma VY, = QaQnr—y-.- Pi H WA Kaxkporo OfE P  wumeer 
MecTO 


diam: HY, (S72), <aes 


Kaxkyoe @,z He MeHsAeT EOC pana ? rouxnH (M,t)€@E* wv Heto_BHxKHO BHe 
Ua | Pay (Wi), me Wi =ntXAm, a An — Kakoli-TO NoMaLpaNbHblh wrap, 
YAOBIETBOP AOL H ycoBnio (3) naa U%, pbi6pannbili v3 cuctemsl, nocrpoen- 
HOH Ha OCHOBaHHU JICMMBI 2. 

TlocenoBaTeJIbHOCTh roMeomMopdu3smos Y, paBHOMepHO CXOZHTCA K Henpe- 
pbiIBHomy oToGpaxennio OD; E* — E*; efHHCTBeHHbIMH HeBbIPOKLalOlulHMHCA 
ajleMeHTamu pa3sOuenua E® apsisiorca KOHTMHyyMbI EX¢fe. Tlostromy © (L) 
romeomopduo f(E*) u ® (L)C E*. 

SaMeTHM, YTO HEH3BECTHO, MOKHO JIH B (OPMYyJIMpoBKe TeopembI | 3aMeHHTh 
yciopue HyJIbMepHocTu P Oosee ciaObIM ycJIOBHeM — HyJIbMepHocTu P. 

4. W3 jocrarouHoro yCJIOBHA Id BJIOKAMOCTH MOHOTOHHOTO oOpa3a 
E* 8 E*, nannoro Xappouibyom (°), HemocpexcTBeHHO CJleqyer, uTO ecu B chop- 
myse (1) Bce UX — Ttononoruueckue uiapbl, To f (E%) = E°., 

B ynoMaHyToM mpHMmepe buura (”) npocrpancTBa pa30nenua E*, He BOKH- 
moro B E*, MHOMKECTBO BCX HEBLIPOMKLalOUlHXCA IIEMEHTOB pasOveHnUA Npeycra- 
BuMO dopmysioH (1), rae Kam Wb Uae wap ¢ JByMa pyakamu. Kpome toro, 
3TO HeMpepbIBHoe pasOveHHe BNOMHE HeEeNpepbIBHO Ha P*, T.e. 
CooTBeTCTBylollee OTOOpakeHne f orkKpbiro Ha P”. 

Buur Mocrpous Apyroe HempepbiBHoe pasOvenve E* Ha TOUKH H HYJIbMepHoOe | 
COBeplleHHOe MHOKecTBO P py4HbIX Mpocrblx Ayr, AIA KOTOPOro MpocrpaHcrsBo | 
pasOvenusa copnanaer c E® (*), 3yecb KkaxKgpiii Uk — nomnoropue, T. €. TONOAO- | 
TrHueCKHH Wap C OLHOM py4kKoH; pasOveHHe BosHe HeMpepbiBHO Ha P. BosHu- 
KaeT BOMPOC: HeJIb3A JIM MOCTPOHTb HellpepbiBHoe pasOvenve E? Ha TOUKH H 
iger smog Hite COBePpUICHHOe MHOXKECTBO TJlaBHblIX KOHTHHYYMOBTaK, 4TOObI BCe 


Uh Obl MoHOTOpHAMM MH MpocrpaHcrBo pas6veHua Oblvio HeBJIOmKNMO B E*? 
Tako IpHMep MOXKHO MOCTPOKThb, 3aj,aB MHOXKeCTBO P Tak, 4TO B Ka?KJOM | 
Tr Fk 77k Tyr 
rlouHoropuu U;*, k > 1, comepxarca Tpu nonnoropua Uy, Us, Us, pacno- 
JIO¥KEHHbIE ae uTO Kak loe U3 HUX JIeKUT B TONOOrHyeCKoM ky6e, Cone paKallleMe | 


ca B US, wo HuUKaKywW CyYMMYy AByX pa3sAM4HEX U?, 
i= 1,2, oy We boot 92K Tt tO TL AP den lagi iia cirranen by ie K y 6, 
comepKamuuca B Us. Torna IpOcTpaHcTBO pa30HeHHA HeBJIOXKHMO 


B E*, Hespipoxjatouecn syleMeHTbl pasOvenuan § — mviaBHble KOHTHHYyMBI, 
Cpe KOTOpbIX eCTh HECYUCTHOE MHOKeECTBO HEPa3sIOXKH- 
MbBIX KOHTHHYYMOB, pasOveHHe BoHe HelpepbIBHO Ha P*. 

B To *%e BpeMA MMeeT MecTo 


3 
Teopema 2. Ilycme E; — nenpepwienoe pasbuenue E* na mouku u nyAb- 
MepHoe KomnakmHoe mHOoCecNéO P NAABHbIX AOKAALHO C6ABHDLX KOHMUHYYMOS. | 
Ecau cymma P* ecex Heol DONOR UIA aAeMeHMOB poccuenas npedcmaeuma | 


6 eude (la) max, umo ece Us noanomopun u pasduenue E} enoane nenpepoleno 
Ha P*, mo npocmpaxcmeo pasbuenus coenadaem c E®. 
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Floka3atesibcTBO TeopeMbl 2 OCHOBaHO Ha CJIekyroulel seme: 
Jlemma 3. B ycaosuax meopemot 2, KaKoeo 661 HU ObLA0 4UCAO & > O Mi Ye- 
noe 4ucno fr > 0, cywecmeyem uucno R>r u Fon NODE Ae omobpancenue OD 


npocmpaxncmea E® nwa ce6a, nenodeuscnoe He U Ul wu makoe, umo Oa Kanc- 


n=1 
dozo UZ 
diam ® (UZ) < «. 

J[na MoKa3aTenpersa MbI MoKasbIBaeM CHaYasa, YTO Cpe BCeBOSMOXKHEIX U/ 
Bl a) HalgjeTca XOTA OBI ONH ‘. Gp, oOsayaroulee HEKOTOPBIMH CnelHaJIb- 
HBIMH CBOLCTBaMH, TaKoe, uTO Wa Uk? (| P* JIEMMY 3 MOM%KHO OKa3aTb METOJIOM, 
KOTOpHIM NpumMena Bunr npv jloKasarenuerBe avaslorM4Holi JleMMBI B (*). Hocae 
9TOrO JIeMMa 3 JOKa3bIBaeTCA C MOMOII[BIO TPaHCpUBUTHOK MAY KIM. 

: Hs teopemsr 2 culexyeT, 4TO ECM TpeCoBaTH NOHO HETpepbIBHOCTH pa3Oue- 
> wus Ha P*, Kak 9TO MMeeT MeCTO B IpHmepax Bunra, TO He JI b3 A NOCTPOUTb 
_ HelpeppipHoe pasOveuve E* Ha TOUKM H HYJIbMepHoe COBepIleHHOe MHOXKECTBO 
> pyaupix (# JaxKe niaBHbix) MpocTIX Ayr TaK, uTo6nI Bce Us OniiH NMoHOTOpUsA- 
_ MM, a MpocrpancTBo pa3sOuenusA GpiIo HeBIOMKUMO B E®, 

HenspecTHo, OJHaKO, HeJIb3H JH BCe *Ke STO CleNAaTh, ECM OTKA8ATbCA OT 
' ycNOBHA OJIHOH HeMpepbIBHOCTH pa30veHHA Ha P”. 


Matematayecknii HHcTHTyT um. B. A. Creknopa Toctynuso 
Axkajlemuu HayK CCCP 30 VI 1960 
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Jlorxagm Arafemun nayrk CCCP 
1961. Tom 136, Ni 1 


MATEMATHKA 
JI. A, KABUCTHK 


OB OAHOK MOJWO®HKAWMH HTEPAWHOHHOTO METOJA 
C MAHHMAJIDHBIMM HEBSA3KAMH JIA PEWEHHS 
HEJIMHEMHbIX OMEPATOPHbIX YPABHEHHA 


(ITpedcmaeazeno axademuxom C. JI. Coboaesoim 15 VII 1960) 


1. Ilycrb P (x) — aBaxnp! guddepenuupyemblli (B cmbIcne Dpeme) onepa- 
TOp M3 BelllecTBeHHOrO rHsbOepToBa NpoctpaHcTBa Hf B TO 2%Ke TpocrpaHcTBo. 
Tia pewenua ypaBHennit 

P (x) = 0 (1) 
PpacCMOTpHM UTepalHOHHble MeTOJbI THIa 


Ant+1 — Xn =a EnYns a 0, i ow) (2) 


rye x,€H — u3BecrHoe HayalbHoe mpHOIHxKeHHe pelleHHa ypaBHenua (1), 
&,_ — BelleCTBeHHble uHCAa H {Y,} — HEKOTOPaA NOCAeOBATebHOCTh 3JIeEMeH- 
TOB WpocrpauctsBa HH. 


Tax Kak P (x) aBaxyEI nHcddepenunpyem, TO 
WP (xn4s) | < |] P (en) +P! (xn) (Xn41 — Xa) |] M2] P” (Xn) Il | X42 — Xa], (3) 


rye Ky = Xn + Tn (Gnas = <A) 0 < Th < i; 
BplOupaem €&, TaK, 4YTOOb! MPH PUKCHPOBaHHOM Yp, 


IP (xp) + P* (xp) (Xat1 — Xn) ||? = ||P (Gn) t8eP) (rn) Yn (|? 


OblI MHHMMaseH. Jlerko yOeHTLCH, UTO MHHHMaJIbHoe 3HAYEHHE JOCTHIaeTCA 

Tipu 

IVC). 124 (Gs 

(P (on) P’ Cn) tn) (4) 
IP’ (Xn) Yn Il 


Si == = 
B 9sTomM culyyae 


, (P (Xp)> P! (n) Yn)? 
LP (xa) + PY (xn) (ents — 0) [P= IP (en) P— ee.) 


2. BpiOupaem y, = P (x,). Torna aaa pemieHia ypaBHenna (1) norvyauM 
MeTOIL 


(P (x,), P’ (%,) P (xq) 
Xn = Xp ee ?P (xn), 6 
na = Fn — Tere aie Pe) (6) 
KOTOPbIM B CJlyuae JIMHeHHOTO OnepaTOpHOrO ypaBHeHHA Laer MeToy, C MHHH- 
vate | HeBA3KaMH, paccmorpeHHbI M. A. Kpacnocempckum u C. I. Kpei- 
Hom (*). 
O cxoqumocru Metoya (6) cipaBeqMBa cleqyroulan Teopema (cp. (°)): 
Teopema l. [Tycmb evinoanentt ycaoeun: 
1°. {|P (x) | <S 60; 
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a 
. 2°, Jan ecex x€S (xo, r av = , 


a) ||P’ (x)'|IS A; 
6) ||P” (x) || < B; 
Bye (x). i, hy | > > M1 ||h? || daa ecex he H (M > 0). 


3°. g=V 1 —b 1+ 4200 < 1, 20e b = M?A?, ay = M’Bo,. 
 Toeda ypasnenue (1) umeem e@ cqepe S (xo, r) eduncmeennoe pewenue x", 
|K Komopomy cxodumca nocredosamenbHocmb {x,}, noaywennasn memodom (6), 
(“W chpasedauset oueNKu 


| a Ie — nll <M I] P (xn) | < Mb0q". (7 


| MoKxasateaperso, Tak kak || P”(Z,) |] || x1 — x, ||? < BM762 = aobo, 
TO, yauTbIBan (5) H yCNOBHA TeOpeME!, MbI NomyuHM H3 (3) 


BY IP Call V1 = 6 +240) || P (x.) |] = 9 || P (x) Il. 


‘Oro 3Hagnt, uTo Halimerca MocroaHHas 61, KoTOpad yOBNeTBOpAeT HEpaBeHCT- 
Bam || P (x1) || <1 <q || P (%) | < 9) < 65. 


Y Jlerko mposepuTb, uto* S (x1, mi)CS (x0, nr), me n= 


mile = 
—q’ 


=V1i—b2 4+ ea, < m, a, = M?Bd:. Taxum o6pa3om, Bce tae mes BbI- 
NOMHeEHEI TIpH By! MH Mb MOXKEM MpOOMKATb BLIMHCIEHHE TMocMeLOBaTeMbHBIX 
TpHOmmxKennit. Meroqom MaTemaTHuecKoli HHAYKIMH NoyaHM Jia Bcex n=0,1,. 


IP (Xn4a) |] Sata < |] P (rn) |], Peng — Xn] SMP Can) IL 
Ucnonp3ya STH He€paBeHCTBa, NOJIYUYHM IIpH BCeX Mm H DP 


| Xn+p — Xn |< M (|| P (Cee S| or es + ||P (Xn) DS 


MB, 
4 


q”. 
SOTO WOKAaSbIBaeT CYMeECTBOBaHHe Mpeyesa Ma Xn = x° ES (x0, r). Tak Kak 


onepatop P (x) HempeppiBen, To || P (x*) || = “lim TP Ca) ico ina ge 
'T.e. x" — pelieHve ypaBHenna (1). Bcuay ycnosua 2° B) sTo pelieHve enuH- 
ICTBeHHO B ccepe S (xo, r). cHly Toro xe ycoBua || P aie | uF Xn — oa Pa 
DIP (xn) — P (x), Kn) | =| (Po (Zn) (Xe — x"), Xn — x) | Set eee F 
me, = x +t, (xe — x), O< t, < 1), orxyna caenyer (7). 
8. Ec ycnosue 2° B) reopempr 1 3ameHHTb Goviee caObIM ycnoBHem (cp. (7), 
‘TO HMeeT MECTO: 

Teopema 2. I[Tlycmb evinoanenol ycaosus: 
1°, | P (x0) || = 50< do. 

2°, | (P’ (xo) h, h)| > Mo" || A |? O22 ecex as, (Mo > 0). 


© 3°. JTna ecex x €S (xo, r), er =F ane — (M*=lim M,<+ oo), 
0 


“unerom Mecmo OWeHKU 
HP’ G)ISA, YP") <8 


‘4°. Beauaurot ayx= MeBbo u bo = MGA? maxkue, amo cxodumca nocaedosa- 


‘MenoHocmbo {an} = {M?B6,}, eolulicneHNaA npu nomo"L peKyppeHmNoLxX coom- 
HOWeNUu 


My 
| OT MB,’ (8) 
1 Saar = 5, (V1 — (M2 A®) + 1/2M2Bb,) 


(mak 4mO An <1 Ona 6cex n). 


* Cumposom S (x), r) o6osHayeHa cepa ||.x— Xp || <r 


Toeda ypaenenue (1) umeem 6 cipepe S (xy, r) pewenue x, K Komopomy CxO- 
dumca nocaedosamerbnocmb {Xn}, noayweHHasa memodom (6), uU umetom mecmo | 
OUENKU 


; 2M,o . ' | 
x" — Xall< — 7 < 2M,8,, (9) | 
20e 6, = ||P (xn) || & Ma onpedeasniomces pexyppenmno no gopmyaam (8). Ecaw| 


M‘ <oo wau 0 > 60, mo pewernue eOurncmeenno 6 caepe S (xo, r)- | 

Teopema 2 oKa3bIBaeTCA B OCHOBHOM TaK 2Ke, Kak Teopema 3 B Cratbe (”), | 
YUHTHIBAA TIpH 3TOM CooTHOWeHHs (3) 4 (5). Ja NoulyaeHusa omeHoK (9) Boctoub- | 
3yemca cbopMysioH Tetimopa . - 
(P (x* ), y= (P (Xn) FP! (Xn) (a — Xn) To *2PY (Xn Ta (" — Xn)" — Xn), AY] 


(0 < t< 1) B cayyae h = [P’ (xp)? (X* — xq). Orciola noswyunm uHepa- 
BeHcTBo 1/2M,B || x — Xn ||? —|| x” — xn|| + Mn, > 0, u3 KoTOporo H cye-| 
nyet (9). 
TIpopepky BBINOJIHeEHHA yCJIOBHM TeOpeMbI 2 OOeruaerT | 
Teopema 3. Ecau aobo< 1/2, mo ycaoeue 4° meopemot 2 evinonHeno. | 
TlokasatreaberTso. B culy pekyppeHTHbIx coorHoweHHH (8) Hu yc- | 
JIOBHA JAHHOM TeOPeMBI Anb_ <<... << arbi < aobo (6, = MiA?). Orcioga| 
HW cilekyer yrBepKjleHve. ! 
4, BuiOupaem yn = P’ (xn) P (xn), roe P’ (x) — conpmxeHHEI oneparop | 
K WHHeMHOMy onepatopy P’ (x). Torga nowyaHM Merox 


ITP’ (Xn) Pq) IP 
I] P’ &p) P’ (pq) P (%_) |? 


Xn +1 aa Xn ar a 


ECAP RE SY (10) 


O cxogumocTuv mMetoya (10) cnpaBeqiMBbI CJleqyloulve TeOpeMEt: 
Teopema 4. J/ycmb é6oinoanenol ycnoeus: 
PSP (xey P< do: 


25. PLE Cree Cosel enuf | COE, — , UMeIoOmM MecMO OUeHKU: 
ay IP" (<A; 
6) ||P’ (x) || <B; 
B) ||P’ (x)Al[f> M*|Alful|P’ (x) All > M*|Alf Ona ecex he H(M >0). 
Pet 5 a0 <1, ee 6 = M°A%, ao = M°Boo. | 
Toz0a ypasxenue (1) umeem 6 caepe S (x0, r) pewenue x*, K Komopomy cxodum- 
cA noayxennasn u3 (10) nocaedosamerbHocmb {Xp}, U Umetom mecmo OleNKU 


eg = 


1 oe M M6 
| xl < IP en) |< Eo". 


Teopema 5. [ycmb soinoaneno: ycaosua meopemol 2, 3a UcKAOUeHUeM YC- 
Aoeusd 2° u coomnowexutt (8), KoMopole 3aMeNeNbl CooMBeEMCMBEHHO YCAOBUEM: 


|P’ (x0) All Mo" [| Al] w ||P’ (x) All > My“ |All Ona ecex hE H (Mo>0) : 
U COOMHOWeHUAMU 
M2A2—1 


M, o i 
Ma Ss iorgniy brn (GE 


1 BOs | ay 
le k . 
4 Ft M 2B k 4 
Toeda ypasxenue (1) usmeem 6 cipepe S (xo, r) pewenue x*, K Komopomy cxodum- | 
cA noaywenHan us (10) nocaedosamenbKocmb {x_}, u umerom mecmo oyenku (9), 
20e 8, = || P (xn) || w M, onpedeastomca pexyppexmno no dopmynam (11). 
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OcaOleHHAt B YCJIOBHAX Teopem 4 H 5 To CpaBHeHHIO C yCJIOBHAMH TeO- 


pem 1 w 2 nomyueHbI B CHJly CaMocomps»KeHHOCTH onepatopa P’(x)P’(x), Tak 
Kak TeMepb MbI MOKEM JA OneHKE TlocyleqHero wieHa B (5) BOCTOIb30BaTbCA 
Tteopemoi 2 u3 (°) *. 

IIpopepky BEITIOHeHHA yCAOBHH Teopempl 5 oOsleruaerT 

Teopema 6. Ecau 


(bo + 1) (9 — 12a0 + 8a) — 202) ao <4 u ao < 4/5, 


mo ycaoeue 4° meopemot 5 soinonrneno. 
OrmeTHM, HaKOHell, YTO HEKOTOPbIi HHTepec MOFyT NpeslcTaBuTb HM pyre 


| BBIOOpb! SJIEMEHTOB Y,p. Harnpumep, mp BblOopax y, = P’ (Xn) P’ (xn) P(xn), 


Yn = P’ (Xn) P’ (Xn) P’ (Xn) P (Xn) WT. 2. UMeIOT MECTO TeOpeMbI, aHasIOrHuHBle 
TIPHBEXeCHHLIM bile Teopemam. B uacruocru, ecu yp, = [P’ (x,)l-1 P (xn), 
TO Mbl NomwyuHmM merog Hoptotona. 


Muctutyt sHepreruku Mocrymuso 
Akayemuu HaykK ScToucKoi CCP 14 VI 1960 


LHMTHPOBAHHAA JIATEPATYPA 


rn.) A’ K pacrocempcknuiht, Cc. FT. Kpewnu, Mateo. cOopu., 31, Ne 2, 315 
(1952). 2 JI. A. Kupwctuxk, Hsp. AH OctCCP, cep. du3.-Matem. uw TexH. HayK, 9, Ne 2, 
145 (1960). * W. Greub, W. Rheinboldt, Proc. Am. Math. Soc., -10, Ne 3, 407 


(1959). 


* B cnyyae KoHeuHOMepHOro MpocTpaHcTBa Ta %Ke OlleHKa CulexyeT yxe H3 (4.10) B (?). 
25 


jJloxnaym Akayemun nayx CCCP 
1961. Tom 136, Ne 


_MATEMATHKA 
B. H. KYBJIAHOBCKAA 


O HEKOTOPBIX AJIFOPH®MAX JIA PEWEHHA NOJIHOK 
NPOBJIEMbI COBCTBEHHbIX 3HAUEHHN 


(ITpedcmaeaexo axademuxom B. H. Cmupxosoim 14 VII 1960) + 


Hye pacCMaTpHBaloTCA HECKOJIbKO HOBBIX aJITOPHMOB JIA pellieHHA MOJI- 
HOM MpoOJIeMbI JIA BeeCTBeEHHbIX HeEOCOOeHHBIX MAaTPHIl, HMCIOINMX pasJIMUHbIe 
To aOCOJMOTHOH BeMUHHe COOCTBeHHbIe 3HaueHHA | pi] >| pe| >... >| pal > 0. 
Bo scex 3THX aJIropHdMax CTPOHTCA MOCeOBATeEMbHOCTh JICEBbIX TPeyFOJIbHbIX 

k e o 
matpuu, A, = (/;;) TpH MOMOLIH yMHOXKeHHA HeEKOTOPOH BCMOMOraTeJIbHOK 
h 
MOCeOBAaTebHOCTH MaTpH, A, Ha OPTOFOHaIbHbIe MaTpHUbI ta = (tf). 
TlocrpoeHve nocsiehHHX MOKeT ObITb OCyIeCTBIeHO No 3aqaHHoH MaTpHue A, 
HallpHMep, KaK IIpOH3BeJ/e@HHA SIeMeHTAPHbIX BpallleHHi Hw OTpaxKeHHH. Oto 
MOcTpoeHHe KOHKPeTHO ykKa3aHo B KuHure (’). 

LAATOpH@M AAA peMeHHA TOAHOH NpooOsmembE cood- 
CTBCHHEX 3HAUVEHHH Aaa MatTpun A’A U AA. 

Tlycrp 

Ai =A, Ay = Ait, 


Az = Ayn, Ay = Aote, 


Ay = Apg—yTr-1, An = AnTr, 


Tora: 
ror nk 
a) (APP = we + 0 | (4) | +o[( - |; | OO 
ey b; per) 
Lan k 
‘Case? = pin +O ( dt |; (1) 
Ppa 
6) crouOubl MaTpHIL To,-1 = TT... -Tox-y HW Top = TTe. . -Ton IPH O- 


CTaTOUHO OoO/IbUIOM & CKOJIb YrOXHO OH3KH K COOCTBEHHbIM BEKTOPaM MaTPpHIL 
A'A u AA’ coorsercrBeHHo. 
2, ANTOpugM Daa pemeHua TnOAHOK TpOb6memE COO- 


CTBCHHHX 3HAYCHHH AAA MaTpuuH AA’c KBaApaTH u- 
HOH CXORUMOCTHED. 


Ilyctb 
A, =A, Ay = Ait, 
A, = Aves Ag = Aste, 
A; = Ae Ag = Agts, 


Ap = An-iApe—a, An = Anti, 
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Beh (UPPseny t0 (eau + of (ey, 
Gees 15? eee rool (2) 
[Pape + Ollie 


Bay 


6) cronOubl MaTpHubl T, = TT... Tr pH MocraTouHo OowbwioM k CKOWIb 
'yroqHO OfM3KM K COOCTBeHHBIM BeKTOpaM MaTpHubl AA’, 

3. ANTOpHOM AIA pemeHHA TNOTNHOK npoO6OmemME RAA 
HECHMMEC€TPHUHOH MaTpHub A c BemMeCTBeEHHHMH 
pasMHUYHBIMH COOCTBEHHHMH 3HAYECHHAMH., 

_ Tiyerp 


nN AS = A, Ay = Ayt}, 
As — t, Ay, xe, = A ots, 


An = trthApeaieert\n = Antrs 


ee ye 


Torna: 
% k y k 
a) PP =+ 0/4 | satel ved ME EO Wp Rebar ys tein 
ee Pz_y 
k 
jo o| = | ©) 
Py_y 


6) ecmM, HauHHad c HeKOTOporO kk, OpTOrOHaJIbHbI€e MATPHUbI Ty OparTp 
(IBOSMOKHO OM3KHMH K CXHHHYHOK MaTpHlle, TO MaTpHia A; CTAHOBHTCA CKOJIb 
yroqHO OAMSKOH K JleBOl Tpeyro/bHOH MaTpHie, MoxoOHoH Marpune A: 
A,= THAT 
' 4.Anropuodm co cCABHITOM AAA pemeHHA NOMHOH 
MpoOmemMbl COOCTBEHHH X 3SHAYECHHH ANA MATPULBA. 
(Anropudm 3 JornycKaeT Mo_MduKalHIO CO CABHTOM, MOSBOJIAIOULYyI0, pH ompe- 
leleHHOM BbIOOpe CBHTOB, MOJYYHTb KBafpaTHYHy!IO CXOMMOCTS. 

R Tlycrp 
g, (tf) =t(t—t)...(¢— bt), th —- 0 ip Rk — 00 


& coOcTBeHHble uvcna A B HeKOTOpOH HyMepalHH yOBJeTBOpAIOT COOTHO- 
Mennto |A, —o| >|A.—o| >... .>] A, — o|. Crpoutca noceqoBatebHOCTh 
NeBLIX TPCYFOJIbHbIX MAaTPHI 

A, =A, Ay = Ait, 


; A, = tA, Silas Ng = Agta, 
4 alts = tN» a ie a) te) Ee We a Agts, 
ips LE biel Soca eS a OD ae Pe 
p ° 
Torna: 
Cif tae RO Pp (Me+y) Pp (Uz) 
| a) Ee tn)” o| Pp (H,) | rie Pp (My) }’ 
forsale Ow ems Tt As (4) 
j Oo, — 1)?-+0 [ee _] ; 
UP = (Wn — t) +0 Gy | 
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6) ecu, HawHHaa C HeKOTOpOrO A, OPTOFOHAJIbHbIe MATPHIIbI Tp OpaTb BO3- 
MOXKHO OIH3KUMM K e(MHHUHOM MaTpHile, TO MaTpHila A, CTaHOBUTCA CKOJIb 
yroqHo OM3KoH K JeBOH TpeyrowbHO MaTpule, rogo6Hoh A — fpE: 
A, = Ty (A — thE) Tr; 

B) ECM Ha HeKOTOPOM Ware TIpotecca (co CABHTOM HJM Ges cABUra) Tomy- 
yeHO, 4TO 


| Me — On — th) | <2, 


k 
TO, B3AB tpg = ty + ARrw OpTOroHaIbHy!0 MaTPHIly T+, MpH Nepexoye 
K (k + 1)-my wary TaKoH, YTOOBI 9IeEMeHT [2 yMesn Tor Ke 3HaK, YTO HW 9IeMeHT 
k 
(™ nosyaum 
kt ; 
| KEP ea (agis teii) |< we?, roe w= const *. 
38ameuaunne 1. Jia cummerpuuHol Marpuupt A anropudmbl | u 3 Ccos- 


Tlayjaior: MaTpuila A, = KAT: Ip JOcTaTOuHO OoO/IbUIOM & CTAHOBHTCA CKOJIb 
YroAHo OM3KOl K WHaroHadbHOM, IPH STOM CTOMOUbI MaTpHIUEl Te et ta eee 
CKOJIb YFoAHO OM3KH K COOCTBeHHLIM BeKTOpaM A. 

3ameuaunne 2. Anropudm | umeer HemocpescrBeHHy!0 cBA3b C LR- 
aulropHdpmoo (2), 1pHMeHeHHbIM K Marpuue AA’. Tax, Marpuibl Ly = (A,A2... 
ieee Ar—1) An (A, As > 8 Ay)=* at R: = (AyAg ant -Ar) AR (Ai A, cae aN ay ele COB- 
ayaioT C OJHOMMeHHbIMA MaTpHuamu LR-anropudma (A; — qMaronab A,). 

Jlerko ycraHoBuTb cBa3b amropudma | c QD-anropudmom (*) u BpiBecTH 


CbopMy.1bI 


(m) (1m) (m) 2( 
ie oi”) + om) f ae: 4 pot 
Re at! fH 7 , 
prot — oo”, el +o — lt ore 
(b= 0, by sagy ily oO = of” = Oy me — HOMep lara), MO3BOJIAMIOMIHe 


NOJY4HTh COOCTBEHHbI€ 3HAYCHHA CHMMe€TPHYHOK MATPHIIbI C TOUHOCTHIO Jo &”?, 
eCIM COOTBETCTBYIOUINE S3HAYeHHA P/O, H Pit1 O/+1 MMeIOT MOpaALOK MaJOCTH, 
paBHblii &. 

3amMeuaune 3. Anropudm | oco6eHHo Herecoo6pa3HO NpuMeHATS AA 
pelleHHA MOJIHOM MpoOseMbl COOCTBEHHIX 3HAYCHHM MATpHIL JIeHTOUHOFO crpoe- | 
HHA (T. €. MATPHIbl, DJIA QI€MCHTOB Q;; KOTOPOM BHINOJHAIOTCA COOTHOWeHKA 
aj =O nna |i —j| > s, re s — uence ucno, 3HauMTeAbHO MeHbUlee, vem 
MOPAKOK MaTpHItbl). 7 

3ameuau ve 4, Onncannble alropHdMbl NOSBONAIOT JIA yTOUHeEHHA CoO- | ) 
CTBEHHbIX YHCEVI H COOCTBEHHbIX BEKTOPOB IIPHMeHATh SbopMysIbI MeTORa AKOOH (*). 

B SakOYeHHe AaBTOP BbIpaxKaeT OsarogapHocth JI. K. Danjeesy u | 
aes 3a IIpeOCTaBJIeEHHe BOSMOXKHOCTH O3HAKOMHTbCA C PYKONH- 


TlocrynHo 
5 VII 1960 


WHMTHPOBAHHAS JIMTEPATYPA 


ijl. K. Magagees, B. H. Panneesa, Buuncnntenbupie MeTOLbI AHHeMHOM 
Geers care an a tisha ae er, Nat. Bur. Stand., Appl. Math. Ser Ne 49, 47 } 
; -Rutishauser, Mitt. Inst. angew. Math., Eid : tirich, | 
Nis (isn g a idgenoss. Hochschule Ziirich, | 


* | 
JloKasatebcTBO YTBepAKeHUA MYHKTAa B) aHaOrN4HO AOKasaTenBCTBY, H3OKeHHOMY | 
B (1) gaa anropHdpmMa QD co cyBHTOM, 
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Jlokxann Arkanemun HayrK CCCP 
1961. Tom 136, Ne 1 


MATEMATHKA 
WM. C. KYKJIEC u A. M. CYAPLUIAEB 


OBOBLEHHbIN METOJ, PPOMMEPA 
(IIpedcimaeaexo axademuxom H. [, Iempoecxum 8 VII -1960) 


B HacrosilleH craTbe paccMaTpHBaerca uNdpepeniwalbHoe ypaBHeHHe 


dy _ oy” +o (x) y™? H'as(x) 9 4... (2) a) 
dX Boy” + Br (x) y*~* + Ba (x) y* 7 4...4+8, 00) ”, 


re oo M Bo — nocrosHubie (aj + 25 + 0); bynKunn a; (x) u B; (x) npH MasbIx 
x > O aucdhbepenunpyembl, CoxpaHAIOT 3HaK HW HMcuesaloT BMecTe C x, IIpHuem 
B Culyuae, Korma Bce PyHKuUMN o,; (x) (i = 1, 2,..., m) paBHbI TOmRMeCTBeEHHO 


_ HyJO, xora Obl ofHa H3 cyHKuNH B; (x) (j = 1, 2,..., nm) He paBHa Tox JeCcT- 


BeHHO Hyw10. Mpl craBuM 3aauy: BLIACHHTb, CYMeCTBYIOT JIM XapaKTepHCTHKH 
ypaBHenua (1), BXOJAMIHe CpaBa B HayaJiO, H, ECM CYIIECTBYIOT, TO ABJIACTCH 


_ JIM MHOKECTBO STHX XAPaKTCPHCTHK KOHCYHBIM HJIN OeCKOHEUHHIM. Kpome TOTO, 


MbI CTABHM 3aayy 06 OeHKe MopsAyKa MaJIOCcTH pelleHuii y (x) ypaBHenua (1), 
HCuesalollux B Hauaue (ecm TakHe pellleHHA CynecTByIOT). 

Ecau dyuHkunu «; (x) u $6; (x) anamuTMuecKHe, TO TocTaBJIeHHble 3aauH 
pelliarorcsa Cc NoMombIO MeToya Ppommepa (',”). B Hacrosaiiem, Sovlee OOnlem culy- 
yae MbI 6yeM Mob30BaTbCA OoMee OGUIHM MeTOOM, H3 KOTOporo MeToy Dpom- 
Mepa BbITeKaeT Kak YaCTHBIM Cyuai. 

Breaa B ypaBHeHue (1) noxcraHoBKy y = uw (x), rae wo (x) — audpepen- 
uupyeMan NIpH MawEIx x > 0 dyHKuHa, Oyem uMeTb 


Chie Pi AL.) 
‘Dies 0 (da (2) 
rae 
Pw) warn fo’) + wtona(an an) 
F ‘ mn 
Se coed Bae sed A 


Q(x, u) = Bow™—-1w™—1 + Bi (x) uw 2 + Bou™-8M™—3 +. . + Bin (x). (3’) 


: 


: 


Bpiliie MbI IpeqnooxH I m=n-+1, uro He orpaHHunBaeT OOUIHOCTH. 
HevicrsuTeibHo, ecm m>n+1(m=n-+1-+s), To 6yzem cunTaTb, 4TO 
Cee aye) =O a ecru mi <on + 1 (m= net li —-s),, ToOyazem 
cuTaTb, uTo Bp) = By =... = B41 = O. 

BBeyeM MOHATHE NopsayKa HM MepbI Maocru. Ilyctb y (x) — HempepbiBHas 


5 x 
(YHKUMA, ONpelewenHan Aina x > 0. Ecau lim YU) see 0, TO MbI CKaxKeM, 4TO 


; ». +0 @ (x) (x) 
(PyHKWHA y (x) MMeer NopsAOK Masocru BHIe w (x); ecan lim kre = dO, 
x>+0 
: x 
TO y(x) WMeer NopsyoK MasiocTH uuxKe w(x). Ecau lim?” = se bie 


@ (x) 


0 <|A|< 0, to y(x) umeer nopsaqok mamocru @ (x) u mMepy Masocrn A. 
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Ecau po6b y (x)/w (x) mpu x, CTpeMAIIeMCA K HYJIIO ClipaBa, OCTaeTCA PaBHO- 
MepPHO OFpaHH4eHHOH CBepxy H CHH3y, HO He CTpeMHTCA HH K KakoMy Mipeyevy, 
TO y (x) MMeeT NOPANOK MaviocTH (x), HO He HMeeT OMpeyevIeHHOH Mepbl MaJIOCTH. 
Ecam orHowenve y (x)/w (x) He crpeMuTCad HH K KakomMy Mpeyesy, Korga x 
CTpeMHTCA K HYJIIO ClipaBa, H He OrpaHhueno CBepxy (HH CHH3y), TO PyHKUAH 
y (x) uw @ (x) He cpaBHHMbI MexKLy CcoOoH No nopsKy MaJiocTH. 

PaccmaTpuBad TObKO Te 43 (yHKuNH @ (x) u B (x), KoTOpble He paBHbI TOX- 
JIeCTBeEHHO HyJI0, BBezeM OOO3HaueHHA: 

il 1 


= B, i 
- ovr =| 5 


1 


th 


a; 


opie 


| 


0; = Or; = KG — ot |< a ax , On ="Exp \ le dx|. 


Moi 6yeM ipeAnoularaTb B LasIbHeHeM, 4TO BCe PYHKUMH © CpaBHHMbI Mex*KLy 
co6ol mo Mopayky MasiocTH. 

Byjlem cuvtatb, 4TO wWieH yj = ajo”™—/-! (Ham Y7 = 8; ©—/—2H’) pacnoso- 
7%KeH Mpapee ¥;=a,0"—*—1 (Ha, COOTBeTCTBeHHO, Y7 = b,w@”—*—20'), ecM 
j > i, M, Kpome Toro, 4TO YeH Y, pactionox*KeH Mpapee 'y,. YCMOBUMCA TaKxKe, 
YTO (PYHKUMA Wp PacnoJoxKeHa Mpapee w;;, ecu k > j (aHanorM4Hoe CBOHCTBO 
WMeeT MECTO H WIA PYHKUMM Op’, Or HW O;p’), HH ITO PYHKUUA Ope (UNM O;p’) 
pactiosiowKeHa Mpapee Wp (HJM, COOTBETCTBCHHO, @,’p). 

BpeeM NOHATHE XapakTepHcTuyecKHX PyHKuMH. Ilycre Y; (HM Y;)— cambIit 
JeBbii H3 WICHOB Y, He paBHbIii HyJIIO Tom ZecTBeHHO. PaccMaTpuBan 
(yHKUHH Opi’) M7, 4-1, Wi,(24-1)'> - = +» Oim (uu, COOTBETCTBEHHO, Wy’, j-4+1, W7’,(é41)’ 
Oz", +2) +++, @im), MbI TY H3 HHX, KOTOPad MMeeT HAHMeHbIUMH mMops- 
JlOK MasiocTH (a eCIH TaKUX (YHKUHM HECKOJIbKO, TO CaMyIO IpaBylO H3 HUX), 
Ha30BeM NepBOH XapaKTepHCcTHyeCKOH dyHKuUMeH. 


Ecam neppad XapakrepucTuyeckan *byHKUWA paBHa w,; (MH w;;) (4epTa 
Hay OyKBOH @ O3HayaeT, YTO BTA PYHKUMA ABJACTCA XapakTepHcTH4ecKoN), 
TO pacCMaTPHBaeM (PyYHKUMH 77", 07, 341, 7,741), - «+, Ojm HW TY 43 3THX SyHKUMH, 
KOTOpas HMeeT HAMMCHbINMH NOpAOK MaviocTH (a ecIM TAKUX PYHKWMA HECKOJIb- 
KO, TO CaMy!lO IpaByl0 M3 HUX), HA30BeEM BTOPO XapakTepucTuYecKOH dyHkuMen 


Ojr, HIM Oj, WIM Oy. Ecau neppai xapakTepucTuyeckan (byHKIMA uMeerT 
BUI @,, TO BTOpad *yHKUMA OyeT UMeETb BUA Oj, HIM Oy. AHanoru4Ho 
OMpeeAIOTCA TPEThA, UETBEPTAaA HT. . XapakTepucTHuecKHe cbyHkuMH. DyaK- 
WWM Oxy, Oxi HW Op Mbl OYEM Ha3bIBATb OObIKHOBEHHbIMH, a (PyYHKIUMIO @pp* — 
oco6oH. 

EcuH 1p © = Mp; WHE! o,0"—*—1 4 a,@"—!—1 pw Manbix | x| OyRyT SKBU- — 
BaJICHTHBIMH, TO BM€CTO (PYHKUMH Wp; MbI BBOAUM (PyHKUHIO O;, , OpeesAeMyI0 
TaK: 


Or, = (exp ( *ax)|\ ajexp |(i— \ 4x dziteae 


@yHKIUMIO M;, MbI Ha3bIBaeM mpaBoli WIM MeBOH KBa3sHOCOGoOli B 3aBHCHMocCTH 
oTnroro, <= -liunnike rl) 

Ecav mph © = py WieHbI a,0"—"-1 yw B,w™—"—2@’ OynyT SKBUBAJeHTHEIME, 
TO BM€CTO (yHKUMH py MbI BBOXUM PYHKIMIO W;,,, ONpelesAeMy!O TaK: 


vie (xo | as) || “Et exolte — a) gees] dof 


0 0 


Ory PYHKIUKIO MbI TOKE HAaSbIBAeM MpaBol UH JeBOH KBaSHOCO6oli B 3aBU- 
cuMmocTu or Toro, k << lunu k > Ll. Moxer, koHeyHo, CryauTECA, 4TO O1HA WIM 
HECKOJIbKO KBa3HOCOObIX PyHKUHH OyAyT XapakTepHcTHyecKUMH. 
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OOujee 4NCIO XapakTepHcTHyecKHX (yHKUMA He MpeBblillaer “Mca mm. 
Jlokasano, 4To BcAKaxd i-d XapakTepHcCTHYeCKad (cbyHKIMA HMeer MopsAsoK 
MaJIOCTH BbIle Mpenbiqyme (i — 1)- xapakrepucTruyeckoH yHKUMH. 
Teopema l. JIt60e pewenue y (x) ypasnenus (1), onpedereHHoe 6 npa- 
6oll noAyNAOCcKOcMU U uCcuesaroLMee 6 HALANE, UMeen NopAOOK Manzocmu, coenadarw- 
wut C nops0Kom Kakotl-aubo u3 xapakmepucmuueckux gyHKuyutt. 
Ecam xXapaktepucruyeckad (yHKUHA © ABJIAeTCA OObIKHOBeHHOM, TO ypaB- 
HeHHe (2) umeeT BUA 
du 2s N (u) + &(x, u) (4) 
dx R (u) [Ni (4) + €1 (x, u)] ’ 


rye N (u) uw Ni (u) — nommHomel, mpuyem N (wu) conep2KuT He MeHee AByXx wWie- 
HOB, a Ni (uw) — He Menee ogHoro wena; e (x, wu), €1 (x, u) uk (x) — HempepprB- 


Hble (PyHKUMH, HcuesatoulHe BMecTe C x, IpHyuem & (x) yNOBMETBOPAeT YCJIOBHIO 
x 


tees 

ea = OO, 
0 

Teopema 2. Ecau nopsdok manaocmu pewexnua y (x) ypaenenua (1) coe- 
nadaem c nops0Kom oObiKHOBeHHO xapakmepucmuyeckol dyHKyuU w, Mo Mepa 
MAANOCMU 93INO20 PewleHUA PABHA COHOMY U3 OelicMeUMeAbHbLX OMAUYHDLK OM HYAA 
KopHet ypaeHenun N (u) = 0 (ypaenHenua mep maaocmu, coomeemcmeyrowyeeo 
OanHomy nopsOKY Maaocmu ©). 

Kak cJleqcTBHe H3 TeopeMbI 2 BbITeKaeT, UTO CCH ypaBHeHHe Mep MaJIOCTH 
N (u) = 0 ne uneer JelicTBHTeAbHBIX OTJIMUHBIX OT HYJIA KOPHei, TO He CymlecrT- 
ByeT B IipaBol NoJlyMocKocTH pewleHHi y (x) ypapHenua (1), HMeIomIMx WaHHbili 
NOpALOK MaJIOCTH @. 


Ecau @ — oco6aa xapaktTepucTuyuecKasd dbyHKuMA, TO ypaBHenue (2) OynerT 
WMeTb BUI 
du No (u) + (x, u) (4’) 
dx A (u) [Ni (u) + &1(x, u)] ’ 


re Ne (u) u Ni (uw) — nomMHoMbl, He paBHble TOXKJeECTBEHHO HyJIHO; €& (x, wu) 
M €1 (x, uw) — HempepbIBHble yHKIUMM, HCuesatomie BMecTe c x; (byHKuHA A (x) 
HelpepbiIBHa TIpH MasIbIX x > 0, HO MOxKeT MMeTb paspbIB B TOUKe x = 0. 
Teopema 3. Ecau Orr — ocoban xapakmepucmuaeckan dyHkyus, mo 
B03M00CHEL mpu cayuan: 1) a, (x) u Be (x) Umefom npomusonoaroDCHole BHAKU,; 
2) a, (x) u Bp (x) Umerom oduHaKosbIe BHAKU, NNUYeM UHMeepan 


dx 
i 5 
) A (x) (9) 


(Ter ey 


(ede h(x) — dynkyua, ueypupyowaa @ 3HameHamese npasot uacmu ypaéHe- 
nus (4’)), pacxodumcs; 3) a, (x) u Bp (x) umerom ouHaKosele 3HAKU u UAMeepaa (5) 
 cxodumca. 


B nepeom cayuae, pewenutt ypaenenua (1), umeroujux nopsO0K MANOCMU Orr’, 
6 npagoti noaynaockocmu Hem. Bo emopom cayuae makue peweHuA cywumecmeyrom 
AULb Mmoeda, KOeda UX MePbl MAAOCNU PABHbI OelicMEUMEeNbHOLM OMAUYHOLM OM HYAA 
KOPHAM ypaeHeHus mep manocmu Nez (u) = 0. B mpemoem cayuae cywyecmeyem 
GecuucnenHoe MHOoKeCMBeO petlenutl, UMETOLLILLX NOPAHOOK MANOCMU Wyn’, U KAINCO0E 
u3 aMUx peweHut umeem ceo10 mepy maaocmu (ocobviti cayuatl). 

Ilycrp 6 — oH M3 JelicTBUTebHBIX OTMHMUHbIX OT HYJIA KOPHeH ypaBHeHHA 
Mep masioctu N (uw) = 0 u r — KpatHocTb sToro KopHsA. TlosiowKuB B ypaBHe- 


Huu (4) u —6= u, MBI mpHBefemM ero K BHLY 
| 


du es u'Na(u) +8 (x, u+ 8) : (6) 
dx k(x) [Ni (u+6)+e1(x, u+9)] 
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rue NV (uw) — nomunom, He Hcyesaiommi np u = 0. Tlycrp M1 (6) + 0. Torga 
ypapnenue (6) ecrb o60OmeHHoe (mpu r > 1) HIM Mpocroe (npx r = 1) ypaBHe- 
Hue Bpvo xu Byxe. Ecnu weyernoe r>1 nu p= N (0)/N1 (8) = 0, 
TO CyujecTByeT GecKOHeyHOe MHOxeCTBO pellieHHi ypaBHenua (1), HMeIOuIHXx 
MOpAOK MasocTH © H Mepy MaviocTH 6. Ecan r = 1 wu p <0, To cymectTByeT 
(B IpaBoH MosyOJOCKOCTH) TOJbKO OMHO Takoe pelleHHe. Bompoc ocraetcsa or- 
KpbITbIM IIpH HeyeTHOM fF > 1 un p <0, a Takxe pH rf ueTHOM. Ecau B STHX 
cyuaaxX MpoOleMa He pelliaeTCA C MOMOIMIbIO OMHOTO H3 H3BeECTHBIX KpPHTepHes 
(cm. (°)), TO BBOMHM HOBYIO HOACTaHOBKY & = wi@i (x) MH pacCMOTPeHHHIM BbIIle 
mpouecc HayHHaeMm CHoBa. IIpH STOM MOKET OKA3aTbCA, YTO MbI BHOBb HPHAeM 
K QOOOmeHHOMYy ypaBHeHHi0 bpuo u Byke 4 npuserca BBeCTH HOBY10 MOCTaHOB- 
Ky. BosHuKaeT BOMpOc 0. YHCe NOMOOHHIX MOACTaHOBOK, HEOOXOJHMBIX JIA CBe- 
JeHHaA ypaBHenua (1) kK npocromy ypaBHeHulo Bpuo uv Byke Ho camo BO3MOxX- 
HOCTH TaKOrO CBeJeHHA. ITOT BOMpoc, pelWeHHbIN JIA CyYan aHAJHTMYeCKHX 
yuku a; (x) Hu B; (x) (4), ocraerca OTKpbITbIM B HACTOAIIeM Csyyae, 


Ys6ekckHii rocyapcTBeHHBIi yHHBepcuTer Tocrynuao 
um. Aanmepa Hapou 121 VI 1960 
UMTHPOBAHHAS JIATEPATYPA 


1 M. ®pommep, YMH, 9, 36 (1941). 2H. C. Kyxaec, JAH, 117, Ne 3, 
367 (1957). *H. C. Kyxaec, JIAH, 128, Ne 2, 239 (1959). 4H. C. KyxKuec, 
Il. M. Tpya, Has. AH YaCCP, Ne 1, 29 (1958). 
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Jornagn Akagemun nayr CCCP 
1961. Tom 136, N 4 


MATEMATHKA 
B. B. PYCAHOB 


O PEWMEHHH CHCTEM PA3HOCTHbIX YPABHEHHH 
(ITpedcmaeaeno axademuxom M. B. Keadouuem 7 VII 1960) 


§ 1. [pu pemenun pasimunplx 3aqayd Wid ypaBHeHHii B YaCTHbIX MpOu3BOL- 
| HbIX MeTOJOM Ce€TOK 4aCTO BOSHHKaeT HEOOXOAHMOCTH B pelIeHHH CHCTeM O60VIb- 
_Woro ucla JIMHeEHHBIX aslreOpanyeckuX ypaBHeHHi Jit 3HaYeHHM MCKOMbIX 

PyHKUMH B TOUKAX CeTKH. OObIMHO OKa3bIBae€TCA BOSMOXKHbIM 3alHCbIBaTb TAKHE 
CHCTeEMbI B CJleyIOeM OOWIeM BuJe: 


gyw) = fais 
: — 
pp wht bw) = mets, (1) 
> 
gyw™ = Yue 
Snecb wi) (i = 1, 2,..., M) — Bexropb! pa3mepHoctH L, KOMMOHeHTHI KO- 
TOPbIX wi? (k= 1,2,...,L) sBasatoTca WCKOMbIMH 3HaveHHAMM (byHKUHH; 
Qian, 5; (i= 1,2,..., M—1) — kBagparHbie marpuubl pa3smepa LXL; 


gi—Matpuua pasmepa LiXL; gm — MaTpuua pasmepa Ly XL; Li+Ly =L; 


1 H Ym — BeKTOpbl pasmMepHocTH Li u Ly COoOoTBeTCTBeHHO. 

Ilpu nepexoye or udpepeHuMaJIbHbIX ypaBHeHHH K Ppa3HOCTHbIM TlepBaa 
HM TpeTbaA Ppynnbl ypaBHennk (1) BOSHUKAaIOT M3 TpaHH4HbIX yCJIOBMU, a BTOpaa— 
“M3 CaMUX [uddpepeHiMabHbIX ypaBHeHHH. 


Bgegem Bektop W = {w®, w®), ..., w}, pasmepnocth ML, cocraBvieH- 
/HbIM H3 BCe€X HeM3BeCTHBIX. W ecTb pellleHve CHCTeMbI 
; AW =P, (2) 
rye A — matpuila pasmepa ML XML: 
au 
( Yi | 
by Naz 0 thy 0 pee 
0 bo OR oe a) 0 Ms, 
| SERB Wak Gnithonimanen Son wate /\t th Ped vepienidaahere amie 
: 0 0 Qnrareby heen | oy 
Cir 08 20.5.0 ve M-“/s 
ne 


Uncrto ML OpipaeT OObINHO MOPALKAa HECKOJIbKMX COTeH, HM MpsxAMoe pertieHue 
‘cuctempl (2) 6e3 ucnomb30BaHHA CheuMabHOrO BUA MaTpuiE! A oveHb TpyLoem- 
KO H He9KOHOMMYHO. OHM W3 MeTOJOB, HCHOMbSYIOUIMX CHeMMpUKy MaTPHLIbI 
A, ABIAeTCA MeTOX MaTpH4HOH NporouKy (!,”), HO ero MpHMeHeHve ‘orpaHvyeno 
HeEOOXOJMMOCTHIO BbIMOMHEHUA pALa YCMOBMM yCTOMYHBOCTH, MpOBepKa KOTOPbIX 
3aTpyauuTenbHa. K Tomy xe 9TH yCOBMA MOryT H He ObITb HeOOXOAMMbIMH 
‘JWiA BOSMOXKHOCTH pelieHHa CHCTeMbI (2) ‘KaKHM-JIMOO [pyri MeTOOM. CYyTb 
plea COCTOMT B TOM, YTO BMeTOJe NPOrOHKH NopALOK AeHCTBUK CTporo onpesevieH, 
‘M MOXET CJIYYMTLCA, YTO KaKaA-sM6O U3 TeX MATPHIL, KOTOpble HyKHO OOpaulaTS 
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B ripollecce pelieHHA, OKaxkeTcA ocoOeHHOH. IlonomKeHHe BHoHe aHaOrH4uHO 
TOMY, KOTOpoe MO?KeT HMe€Tb MeCTO MIpH peleHHM CHCTeMbl MeTOAOM MCKMJIOUe- 
Hud 6e3 BEIOOpa MiaBHOFO IeMeHTA, KOrla 3apahee yKa3aHHbId MHAHOP MATPHUE, 
Ha KOTOPbIii HY2KHO JleMHTb, CyYaHHO OOpatlaetca B HyJIb. EctecTBeHHO NosTOMy 
TIOMbITATHCA OOBEAHHUTH BMECTe METO, MIPOrOHKH HM MeTO, UCKJIOYeHHA C BHIOO- 
poM rlaBHoro dvieMeHTa. OJMH TaKOli KOMOMHMpPOBaHHbI MeTO] OMHCbIBaeT- 
cA HYDKe. 

§ 2. Kak 4 B OObINHOM MeTOJe HCKJIOUeHUA, pellleHHe CHCTeMbI MpOv3sBOAMT- 
cA B [Ba 9Tana. | sTan, WH MpAMOM XO, COCTOHT B MCKJIOUCHHH HeM3BeCTHbIX 
Vi TIpHBeeHH MaTpHllbl A K TpeyroJIbHOMy BHA (Cc TOUHOCTHIO Ao MepecTaHOBKH 
cTpok u cTom6uoB). I] stan, HIM OOpaTHBIM XO, COCTOMT B HaxoMKeHHH pellie- 
HMA TyTeM OOpaTHOH NOACTAHOBKH. 

Bul6op riaBHbIX 9JIEMeCHTOB M MCKJOUeHHe HeM3BECTHBIX MPOUSBOJATCA B 
CueyIOuleM MopsALKe: 

1) Vis matpuupt gy MocieqoBatebHo BbIOupaetca Ly TlaBHbIX 3JIEMeHTOB. 
Kaxkyloe Heu3BecTHoe 43 L, BbIOpaHHbIX OCTAeTCA TOJIbKO B OJHOH M3 CTPOK 24 C KO- 
acbcbHIIHeEHTOM eAHHMIa, a W3 OCTAbHbIX CTPOK UcKNOUaeTcA. Kpome Toro, Bce 
L, BbIOpaHHBIX HeM3BeCTHBIX UCKJIOUAIOTCA M3 Nocuelyiomux L ypaBuenui, Tak 
4TO B MaTpuue b, riaBHble CTONOUb CTAHOBATCA HYJIeBbIMH. OcTaBlIvecd HeHy- 
JICBLIMU SJIEMEHTHI 2 C YKA3aHHeEM HOMEPOB BbIOpaHHbIX TIaBHbIX CTPOK HU CTOUIO- 
IOB 3aMOMHHAaIOTCA WIA OOpaTHOrO xosa. 

2) V3 ocrapmmxcsa Ly HeHyJIeBbIX CTOJOMOB MaTpHubI b, BbIOMpPaloTcA TMocwJe- 
oBaTeibHO Ly TaBHbIxX 3JIEMeHTOB, H COOTBETCTBYIOIIHe HEM3BeCTHbIe MCKIIOUAa- 
IOTCA H3 OCTAIbHbIX ypaBHeHHH. [Ipu sToM CTpOKH MaTPHIbI GA, KOMOMHUPyrOTCH 
B COOTBETCTBHHM C KOMOMHHpoBaHvem cTpoK 0,. Ilocne oKoHYaHHA STOFO Iara 
B MaTpuule 6, ocTaloTca TOKO CAMHUUI M HyIM. Uncso eqvHul paBHo Ly, 4 OHM 
CTOAT NO OLHOK BLyriaBHblxX CTpoKax. 

3) V3 Ly cTpoK MaTpHUbI Ay, He ABJIABLUIMXCA PIaBHbIMU B TIpesbILyuleM ware, 
BbIOHPalOTCA MOCNeLOBaTeIbHO L, rlaBHbIX 9JIEMCHTOB, H BbIOpaHHbIe HeH3BeCT- 
Hble HCKIIOUAIOTCA KAK 3 BCeX CTPOK G2, TAK HM 3 Bcex CTpOK bz (kpome OHO 
CTPOKH Q2, B KOTOPOH HeM3BeCTHOe OCTaeTCA C KOSdPpHIMeHTOM equHHIa). Tlocane 
OKOHYAHHMA Wlara OCTABIIMeCA HEHYJICBbIMM SJIEMeHTbI MATPHIIbI Az 3aMOMHHaloTcsa 
jid OOpaTHoro xoja BMecTe C HOMepaMH BbIOPaHHbIX TVIaBHbIX SJIEMCHTOB. 

SaTeM MonmepeMeHHO MoBTOpsIoTCA Warn 2) u 3) B MpHMeHeHHH K MaTpHilaM 
ba, as, b3 MT. X. WO MATPHIUbI Ay BKJIOUMTeJIbHO. 

4) VWs ocrapumxca Ly HeHyseBbIX CTOJGN0B HU cTpoK gm BbIOMpaetca Ly 
TIaBHbIX SJIEMeHTOB, T. €. OOpaljaerca KBallpaTHad MaTpHila pasmepa Ly XLy. 
Takum o6pa3om, Haxoystca Ly Hev3BeCTHbIX, TouHee Ly KOMNOHEHT BeK- 
topa w™), u3 oOmero uncua L KoMNOHeHT. 

Ha sToM 3aKkaHuMBaeTca NpsmMol xox. Ilpu o6parHom xoge mpomecc BBENc- 
JIGHUA MpOXOMMT Tak Ke, KaK HW B MeTOWaX HCKJIOUCHHA HU MpOrOHKH, a HMeCHHO 
C MOMOU[bIO 3aMOMHeHHBIX paHee yacrell IpeoOpas0BaHHbIX MAaTPHIL Q;, BbIMHC- 
JIAIOTCA MocseqoBaTeIbHO W™), wiM—D, 2. Ww), 

§ 3. OcHoBHoe oTsimuve Mpeliaraemoro MeTofa OT MeTOJa MpOroHKH co- 
CTOHT B CeqyrouemM. B MeToxe MporouHKH MoceLOBaTeJIbHO BHIYHCJIAeMbIe COOT- 
HOWeHHA Me%K],y KOMMOHeHTaMH WwW”) 3anCcbIBalOTCA B BHJe 


(ja AV X03 j 

u = XOv + yo, (4) 

rie u® wu v — pextToppl, cocrosmmue u3 Li u Ly KoMNOHeHT BekTopa Ww” co- 
Zt 

orBeTcTBeHHo, a X() — MaTpHila pasmepa L,= Ly. B omvcaHHom BbIlle Me- 
TOLe, TO CyIeCTBY, TOKE BLIYHCIAIOTCA COOTHOMeEHHA Bua (4), HO pasOneHve w? 
Hau”) wv He 3ajaHO OMHAKOBBIM JIA Bcex w”), a BbIOMpaeTCA aBTOMATH- 
yeCKH Jia Kaxkgoro w B npomecce pellenua Tak, YToOpI marpunta X{) umena 
BO3MOXKHO MeHbIUHe 3JICEMCHTHI. 

HerpyHo Noka3aTb, aHaJIOrH4HO TOMY KaK 93TO JemaeTCA WIA MeTO,a riaB- 
HbIX 3JIEMCHTOB, YTO B OMMCaHHOM MeTOJe pH yCOBHH HeocoGeHHOCTH MaTpH- 
llbl A HCKJIOYeHa BO3MOXKHOCTh BbIGOPa B KaveCTBe TaBHOFO IWIeMeHTAa YHCWA,, 
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paBuHoro Hys0. B npHmMeHeHuu K YHCEHHOMY pelIeHHIO CHCTeMbI ypaBHeHHli 3TO 
oO3HauaeT, 4TO pelaraeMbli MeToy OyleT LaBaTb XOPOIWNH pesyJLTAaT WIA XO- 
powlo oOycsoBeHHOH MaTpuub A. 

Jlerko MpoBepHTb TakxKe, UTO MO KOJINYECTBY BBITOJIHACMEIX OMepalui onH- 
CaHHbI aJITOpHTM MpHHaWexKUT K UMCJy ONTHMAJIbHEIX. A HMCHHO, ecJIn a; U 0; 
MMeIOT OOM BH, TO pellienHe cucTemb! (1) m106bIM ApyrHM MpsMbIM MeTOJOM (B 
TOM 4HCJIe HM MeTOJOM IIporoHKH) NoTpeOyer He MeHbINero KOJIMYeCTBY ONepalni. 

B 3aks104eHHe OTMCTHM, YTO MpeiaraeMbIlt MeTON OblJI HEOMHOKpaTHO IIpo- 
BepeH TIpH pelleHHH pa3JIMUHbIX 3aady Ha 3JIEKTPOHHOM BbIUMCJIMTeEIbHOH Ma- 
mune «Crpesia». CranjapTHad NporpamMa Jia pellenua cuctem Buyla (1) cozep- 
*UuT 220 KoMaHy u UCHouL3yeT 2L? + 4L padounx aueex. IIpu npsamom xoze 
MaTPHIl Q; Mb; BBOAATCA B ONepaTHBHY}0 MaMATb MOCeLOBaTeJIbHO C JICHTbI HI 
OapaOana, Kya 3aTeM SaNMCbIBaeTCA HHGPOpMALMA BIA COpaTHoro xoya. Obmuee 
YMCJIO TAKTOB paOoTb! MawimMHbI mpH L > 4 u smw6om Li He MpeBocxo,uT 
M (6L? + 28L? + 76L), uro npumepHo B 2 pasa mpeBocxo_UT 4UCIO apude- 
THYeCKHX oMepalni. 


Hocrynuso 
2 VI 1960 


UMTHPOBAHHAA JIMTEPATYPA 


tT. HW. Mapuyk, Uncnenupie merogbl pacueta spepHbix peakTopos, M., 1958. 
2B. B. Pycauos, BbpuncantenbH. matem., cOopH. 6, M., 1960. 
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Jloknann AkagemMunu nayr CCCP 
1581. Tom 136, Ne 1 


MATEMATHKA 


C. H. CJIYPHH 


YACTHYUHO YNOPAAOUEHHDIE TONOJIOTHYUECKHE FPYNITIbif 
(IIpedcmaeaeno akademukom C. JI.Co6oneeom 15 VII 1960) 


1. O6yMHO TOMOMOrHA B pynmax c YaCTHOHIM yNOpALOueHHeM MopomaerT- 
ca um (1). S3yecb paccMaTpuBaeTCA TOMOMOrMA, BHECeHHad «H3BHe». B nocrpoeH- 
HbIX [pylnax H3yyaloTrcA HeKOTOpble ciocoObl AByCTOPOHHeH OMeCHKHM pellleHua 
(PYHKUMOHAIbHOrO ypaBHeHHA. 

2. B ganpueittem X — alquTuBHad KOMMYyTaTHBHas rpynma c HyJiem 9. 
Buauasie BBeeM OOBEKT, B KOTOPOM CBA3b Me2K Ty CXOMMOCTbIO M HepaBeHCcT- 
BOM BbIpaxkeHa C1a60, HO ABJIACTCA NOCTATOUHON MIA MCCMeOBAaHHA HEKOTOPHIX 
MIpOleccOB, B KOTOPbIX yU4aCTBYIOT CuUeTHbIe MOHOTOHHBIe MOCeLOBaTebHOCTH. 

Onpeneaeune 1. [ycrb B Tomomormuecko rpynne (?) X Wa HeKO- 
TOPbIX e€ 3JIEMEHTOB ONpeseseHoO COOTHOWeHMe HepaBeHcTBa x > 0, mpHuem: 
ljecun ix: > 0; 1o x= 0:2) ecm x > 0, yoo UO ey ea cc 
Xn > Xnt1 — 9, TO. X, > 9. Torma A Has0BeM MOUTH yo piao a cm 
HOH rpynunow (Q-rpynnon). Kak o6ntuHo, x >y, y< x o3HauaeT 
x —y> 9.B oramuune or K-rpynnpt (*), 3fecb He Tpe6yerca cytlecTBOBaHHA 
rpaHu orpaHvueHHoro mMHoxecTBa. IIpumepom Q-rpynmbl, B KOTOpoH s1060e 
MHOXKECTBO He HMeeT rpaHH, CYKUT MpoetpaHcTso C, ecm CooTHOMeHHe x > 0 


ONpeeHTb KaK «HepaBeHCTBO B CpeHeM» \ x(t) dt>0 usm kak x (t;) > 320 


a 
(t; (PHKCHpoBaHbl). 

X€MbI IMOCTPOCHHA HEKOTOPBIX MeTOJOB JBYCTOPOHHHX MpHOmKeHHH 
B MOUTH yiopsyOoueHHOM OaHaXxoOBoM IipocTpaHcTBe yKa3aHbI B (°). 

Ecm X — Q-rpynna, a Y — Tonouiormueckaa momrpynma (3aMKHyTaa) 
(?) Tonosoruueckoli rpynmpt X, To Y cama aBaaerca Q-rpynnoi. 

3. Bowlee TecHy!0 CBA3b MexKy H€paBeHCTBOM HM CXOJMMOCTbIO MOXKHO T10- 
JyauTb, OOoOnjan NoHATHe KB-1uneana (1). [pymny, ormuuatomyioca or 
K-rpylmbl TOJIbKO TeM, 4TO CyIIeCTBOBAHHe TpaHH MOCTyMMpyerca IMINb LA 
KOHEYHBIX MHOXKECTB, OyeM HasbiBaTb Ko-rpynnot. Hagopem okpecrHoctb G 
HYyJIA MOHOTOHHOH, eCJIM 43 CooTHOUeHNi | x| << |y|, y€ G cnenyer x € G. Ecuu 
BCe OKPeCTHOCTH, COCTaBJIAIONIMe Oa3HC, MOHOTOHHDI, TO Ha3OBeM ero MOHOTOH- 


HbIM. [JI MOHOTOHHOCTH G JocTaTouHO ee CHMMeTpuyHocTu (— G = G) u BpInou- 


HeHHA ycloBMit: 1) ecmm —y << x < y, yEG, To xEG; 2) ecm x, yEG, TO 
x\V y6GG. Srech «x \V y = sup{x, y} (). 

Onpeneneune 2. Ko-rpynny, apasiontyioca Tonouworuyeckol rpynnon 
€ MOHOTOHHBIM Oa3HCoM, Ha30BeM TOW yyNopaARoueHHoH ToNO- 
foruueckonh rpynunok (KT-rpyunond). KT-rpynna sasaserca 
Q-rpynmol, Ho B KT-rpynne coxpausaiorca M Apyrve oObIHHbIe CBA3H MexKIy 
CXOJMMOCTbIO H H€paBeHCTBOM, KPOMe CXOJMMOCTH MOHOTOHHOM orpaHwyeHHort 
NOCJI€OBaTeJIbHOCTH. 

Onpegenenne 3. Ecau KT-rpynna X sapasetca K-rpynnoi u ecam 
43 (0)-cxoqumocru (') cileqyer ToMosoruueckan cxoqumocTs (B cmbIcne KT- 
rpymbl) CuerHoH mMocieyoBaTebHocTu, TO X Hasopem (0)-nomHOn KT- 
rpyuno4#. 
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Tonosoruyeckas CXOJMMOCTH CuIeqyer U3 (0)-CXOMMMOCTH, eCJIM U3 COOTHC- 
WeHWK Xn > Xn41, inf {x,} = 0 cmenyer cymecTBoBaHHe JIA 060K G HeKc- 
Toporo X%,€G. B (0)-nonuoi KT-rpynne Bcakaad MOHOTOHHO Bospacraioulas 
orpaHvveHHad CBepXy CueTHaA MoCeLOBaTeJIbHOCTh MMeeT Tipese. 

Onpeneneunue 4. Tononoruueckyio nozrpynny Y tTononornueckoli 
rpynnst X nasopem KT-rox~rpynnow YCX,ecam gna x, y€Y rpanp 
(x\/y)x apisetcs rpaupio (x\/y)y. KT-nozrpynna cama spasetca KT-rpynnoit. 

Onpeneneune 5. Q-(umm KT-) rpynns X u Z nasosem Q- (uuu KT-) 
S9KBUBANCHTHEIMH, eC MexKYy UX 9JeMeHTAMM yCTaHOBJIeCHO B3aHM- 
HO-OJHO3HAYHOe COOTBETCTBMe x = G2, pHyuem @ u ~-! aLAHTHBHbI, HEIpepbIBHE! 
HW owoKUTeMbHBI (*). 

4. B Q-rpynne X MoxkHO OCyIeCTBHTb KOMOHHAIMIO MeTONOB JIMHeapusanun 
yallibirMHcKoro TuNa ((*), Teopema 4) u 3aMeHEI wMHefnoro ypaBHenua ((°) 
ra. 14). 

MuoxecTBO BCeX SIeMeHTOB x€ X, WA KOTOpHIX y < x < Z, Ha30BeM OT- 
peskom' [y, z]. Ilycrb BpinoHeHbI cyleqyromme ycuoBus: 


a) onepatop P nepeBoxuT lvoe fal c XB Qrpynny Y; [6, x, — Xo] BKJIIOUCH 


B OOMaCTh OMpeseseHiA aLMHTHBHOTO oNepatopa,|, uMeromlero OOpaTHEI mo- 
JIOMUTeJIbHbIN Ha Y; 


b) P (x) <0 <P (x0), AP = P(x + Ax) — P (x) <TAx npn Ax > 0; 
c) mpoweccsi 


, 


Unig = Un —T-? P (un), (1) 
re uo = X%9 (MIM uy = Xo), CXOMATCA K pemenuio x* ypaBHenua P (x) = 0; 

d) uMefoTcaA ToMoNorMueckHe Nosrpynnbi XX, Y Cran HeKOTOpbIe 
Q-rpymnp X, Y, WIA KOTOpBIX ycTaHoBseHa Q-sKBUBaseHTHOCTh PX = X, 
pY =Y; 

e) onepatop L nepenogutr Y B X,Y BX;TL</uaY (ly =y). 

Onpezenum L = pLip-!. Cumpon \/ Gyzer o3HauaTb OHO U3 CooTHOWeHHii 
<2: 

Teopema Ll. J] pu eoinoanenuu ycaoguti a) —e) nonpaeku AXn = Xpr—Xn44 
MOICHO 6bIUUCAAMb NO Nnpaeuay 

Neate Ange eiAx pe Le, (2) 
206 Zn = b2n, mEY,-9VW 22 WV P (xa). Ecati Xo =p (11d a0 
Kn Q Xn KM" (au Xn DS Xn > *). 

IIponecc TeopeMbI MO%KHO YCKOPHTb, eC MOMb3O0BaTbCA OnepaTopaMu 
Tn, In Teopempt 4 (4) Bmecro I. 

5. Homo6naa KOMOMHAIMA BO3MOx*KHA VIA MeTOLa YepeyloulMxca npuomH- 
ywkeoni ((°), § 2). 

Ilyctp: 

f) AP >TAx upu Ax > 9; T (xo — x0) > P (x0), TF (Xo — x0) > — P (x0); 

g) IT mepepogut, xX ua Y, X ua. 

IIpumem L = I}. 

Teopema 2. JI pu eeinonnenuu ycaoeuti a), c), d,) f), g) 3a azemeNmor Zp 
MOOKHO NpuHsne anemenmet us Y, yOoesemeopsrowue Hepasencmedm 6 Y 
We ee at N/ 822 VP (Xn) (re =0,-. 1.00), 20e = Ky (HAUT), 
CCU Xy = Xp (uau X,). Toeda Xn, onpedenenHole nonpaskamu (2), yOoesemeopsiom 
|Hepagecmeam Xn—o \f Xn \f x°\Y Xai \W Xn-1- 

_ 6. B HekoTopbix cayuaax eJMHCTBEHHOCTh pelleHHs M CXOAMMOCTb UTepa- 

| UHOHHBIX Mpoleccos (1) yCTaHaBJIMBaeTCA TOMOJOrMyeCKUMU MeTosamH. IIpu- 
BeJIEM OHH JOCTATOUHBIM MpH3Hak CXOJMMOCTH STHX MpoLeccoB B MOUTH ynops- 
joueHHOK rpynne X. 


| Teopema 3. Jaa cxodumocmu K petuenuto x* npoyeccoe (1) 6 ycaoeunx 
a), b) wau a), f) docmamouno, mobo X Gv1aa monoaoceuseckoti nodepynnoti (0)-noA- 
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Holi KT-epynnot u umo6ot cyu2cmsosaa maxol addumueHoltt onepamop A, 4mo 
Ha [Xo, x1 X evunoansomca ycaosut: AAx< AP (ecau eotnoanexo b)) wau 
AAx > AP (ecau eoinoaneno f)) npu Ax > 0, umzpayua (J —T-1A)* +0 
npu n — coc, onepamop TA nenpepoieen. 

7. B 3aKm104eHve paccMOTpHM OHH Cnocoo MocTpoeHHA ABycTOpOHHed OleH- 
KH pelleHua, He TpeOyiouMit mpuBleyenua Tomonoruu. Ilycrs B (anreOpau- 
yecKux) rpymmax X, Y, ompeyesenbl coorHomenua >. Oneparoppl l u P ne- 
pesonat X BY. M — nogrpynna rpynust X; K — kmacc 9eMeHTOB, 9KBH- 
BaJICHTHBIX m0 Mozyti0 M, Tr. e. ecu x, x'€K, Tox — x’ EM. A — anau- 
THBHbIt oneparop, nepepotamun M B 

Teopema 4. Ecau ussecmxo, umo pewenue x ypasnenua P(x) = 8 
@ Kaacce K nonooctumeabxo, ecau T > P (usu T < P) 6 K, V(x) —T (x)= 
= A(x — x’), A>? nonoocumenen na oOpase A (M), z — pewenue ypaenenua 
£.(%) = 6 le Kf mos Sc. ae al 

3necb [ > P o3nauaer, Kak oGntuHo, T (x) > P (x) npu x > 0. B kauecrBe 
Tu P MoxkHO IpHHATh, HapuMep, onepanuu Ax —y, Bx — y, rane A, B — am- 
HeiiHble WuppepeniMasbHble BbIPaxeHua, mpHuem A-! usBecreH. B 9TOM cay4ae 
M u K — MuoxkecrBo tbyHKUM, yLOBMeTBOpPAIONIUX JaHHbIM JIMHeMHEIM (O2HO- 
powupm jia M vu pooOule HeoqHOpowHbiM Aa K) HauasbHbIM UM pan 4HbIM 
yCJIOBH AM. 


KasaHcKHl rocyapcTBeHHbIii YyHHBepCHTeT TloctymH10 
um. B. WU. Yapauosa-Jlenuna 22 XII 1959 


ATATHPOBAHHAA JIMTEPATYPA 


i JI. B. Kantoposuy, 6.3. Byaux, A. |. WuuncKkep, YMG. se 
31 (1951), 2 JI. C. Tloutpsarun, Henpepppupe rpynnp, 1954. %S. N. S1 
Bul. Inst. Politehn. din Iasi (R. P. Romina), Ser. noua, 4 (8), Fasc. 3—4, 81 (1958), 
Cayrus, MAH, 120, Ne 3,.472 (1958). © 71 BB. Kaxutopor niet 
OB, DYHKUHOHANbHbI aHaIH3 B HOPMHPOBaHHEIX mpocTpancTBax, 1959. ®C. H. 
rauuH, Ms3p. Buicm. yueOu. 3apenq., Matem., Ne 6 (7), 244 (1958). 
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Tornann AKkagemun nayr CCCP 
1961. Tom 136, Ni 1 


MATEMATHKA 


r. JI. XAPATHLIBHJIN 


TIPHHUWM ~=MAKCHMYMA B TEOPHHM ONTHMMAJIBHbIX MPOILECCOB 
C 3ANA3bIBAHHEM 


(IIpedcmaeaeno axademuxom JI. C. Tlonmpaeuncim 4 VII 1960) 


B wacrosileH 3ameTKe Mpuulun mMakcumyma JI. C. Tlonrparuna (cm. (')} 
odoOmaeTcaA Ha CJIy4ali ONTHMAJIBHbIX MpotleccoB c 3ala3qbIBaHHeM HM arorca 
HeEKOTOPHIe MpHJIOKeHHA MOJyYeHHOrO pesyJIbTaTa K JIMH€HHbIM OMNTHMAJIbHbIM 
CHCTeEMaM C 3alla3{bIBalOUlMM apryMeHTOM ~*. 

19 TloctaHoBKa 3agauu. I[lycrs  — mpousBombHoe NoxMHo- 
*KECTBO JIMHeiHOFO jelicrBUTesbHOrO r-MepHoro mpoctpanctBa E’. K a ac- 
COM JONYCTHMBLX YUpaBSIeEHH KH HA30BEM MHOKECTBO BCeX Ky- 
COUHO-HENpepbIBHLIX *yHKUMH C paspbIBaMH NepBoro pona wu (¢t) RelicrBuTeb- 
Horo aprymMenta ¢ (BpeMeHH), OMpemeIeHHLIX Ha IMPOH3BObHOM oTpe3ke 
fom th MB Kab MOMCHT BpeMeHH MpHHUMAaIONIMX 3HaueHHa U3 QQ. 

Ilycrb X” — n-mepHoe cbasoBoe mpocrpancrBo (bopmyMpyemolt HuxKe ONTH- 
MaJIbHOH 3amauuv, a x = (x',..., x”) — Touka 9Toro mpocrpaHcTBa. Ilycrb, 
Jaee, 3ajaHbl CKaJiapHble dbyHKuuH f* (x, y, u), i= 1,..., n, HempepbiBHbIe 
110 COBOKYMHOCTH apryMeHTOB x, y, UH HelpepbiBHO LMddepenuMpyemble 10 
BC€M KOOPAMHAaTaM BeEKTOPOB x, y MpocrpancrBa X”. Ilycrb cucrema ypaBHeHuit 


uBwxKeHua dasopon Touxn x (f) = (x1 (A), ..., x” (4) umeer Buz 
ae (x(t), ~(,— 1), (ft), t= 1,...,7; t =const > O. (1) 
rye B MpaBow sacTu cucTembt (1) nox 3Hakom dyHKunh f(x, y, u),i = 1,...,0 


> > 

BMECTO ApfyMeHTOB x, y, W CTOAT CooTBeTCTBeHHO x (f), x (¢ — t), u (t). Takum 
o6pas0M, 3ana3QbIBalollu apryMeHT COlep2KHTCA TOJIbKO B (:pa3OBbIX KOOpIH- 
_ HaTax MW OTCYTCTByeT B yMpaBJeHHuH. Ja OHOSHAYHOrFO ONpeeJeHHA TpaeKTO- 
'puu x (f) cucrempi (1) Heo6xoquMo 3aqaBaTb He TOJIbKO JOMycTHMoe yipaBuie- 


Hue u (f), HO H HavambHy!0 dbyHKuuto q (ft) € X", ompesemeHHy10 Ha HeEKOTOpOoM 
“oTpe3Ke JIMHEI tT. ToBops o TpaekTopuu cuctembt (1), orBeuatolse JonycTuMomy 
ynpapenuo u (f), fom t < th, MW 3aaHHOli HeNpepbIBHOH HayabHOK PyHKUMH 
@ (t), 6 —t<t < lo, MbI Bcerga OyqeM MpesnomaraTb, YTO COOTBETCTBYr1OMIee 
peutenne x (¢t) cucremtr(1) ompezemeHo u HelpepbIBHO Ha oTpesKe fo Wt Ch 
H B TOUKe fo copmanaert c @ (fo): x (to) =@ (to). Iloosromy yqOOHO roBopuTb O He- 
| TipeppiBHoh tTpaexropun x(t) cucrempt (1), ompemeyieHHOH Ha oTpesKe 
to—t<t< hi, coorsercrByromel AonycTuMomy yipaBjenut wu (Z), fo th, 
|W HavanbHow dyuKuun g(t), ft, —tTt< bt). 
PopMyNuUpoBKAa ONTHMaANBHOK 3agaun. ITycmb 6 X" 


sadano enadKoe k-meproe mxozoobpasue M", 0 <k <n, u nenpepoienasr naxaao- 
Han dyxnkyua g(t) (onpedenenHan Ha ompeske Oaunot t). TpeOyemcsa 6 Kaacce 
donycmumex ynpaerenuti eol6pame makoe ynpaeaenue u (t), o<t Sh, «mobor 
mpaexmopua x(t), t—tKt<h, cucmemo (1), coomeemcmeytouaa éol- 
Opannomy ynpaeaenuro u (t) u sadanHot Havanonoll pynKyuu g (t), to— TK EK bo, 


yooenemeopsaa Kpaecomy ycaoeuro x (t1)€M" uw unmeepaa 
| t 


: 1 
| P(x, x@—, uO) de (2) 
to 

‘ * PesyJbTaTH, H3IOKEHHbIe B HACTOsIel 3aMeTKe, MomyyeHbI B cemuHape JI. C. [loutps- 
buna mo MaTemaTH4eckuM mpo6lemMaM TeopHu KOseOaHHi MH aBTOMaTHYeCKOrO peryHpoBaHHA. 
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obpaujancn 6 MuHUMYM, 20e cKanapHaA qynkyua f° (x, y, u) yooeremeopsem 
mem oe YCAOBUAM, UMO U CKAAApHole ~ynKyuu f* CX Ushi) til cient 
eblUuCAeNUU unMmeepaaa (2) nod sHaK dynkyuu f° emecmo apeymenHmoés x, Y, U 
Mol nodcmaeuau coomeemcmeenno x (t), x (t — 1), u(t). SameruM 4uTO Tpesesbl 
uuterpauun fo, 4 B (2) He CPUKCHpoOBaHL!, PUKCHPOBAHb! JIMIb KpaeBble yCJO- 
k 
BUA: 3aana HauambHad dyuKuua @ (2), 6 —tTKt<ch, u x (AEM. 
Ecau fo (x, y, uw) = 1, TO MbI MoJlyyaeM ONTHMAbHYy!0 0 OblcrTpowercTBHO 
k 
gaylauy Jia cucreM c 3ana3iplBaHuem. Ec pasmepHocTb mMHorooOpasua M 
paBHa HyJII0, TO M* npeppamiaerca B TOUKY, H MbI NosyyaeM ONTHMaJIbHYIO 3a- 
ylauy C 3aKpeMvIeHHbIM MIpaBbIM KOHIIOM; eCJIM pasMepHocTb k = n, TO KpaeBoe 
: k 
ycsloBle cipaBa Boobie oTrcytcTByeT, Tak Kak M™ B 9TOM CiLy4ae ABNACTCA OT- 
KPbITBIM MHOXKECTBOM TIpoctpaHeTBa X", yt. 

Cefiuac Mbl 2aquM 2pyry!0 (9KBHBaJIeHTHY!0) (POpMyMpOBKy HallleH ONTH- 
MaJIbHOH 3aauv, Oomee yOOHYy!0 WA COpMyIMpOBKM MU WOKasaTebCTBAa OCHOB- 
Horo pe3yJIbTaTa. 

BpezemM B paccmotpeHHe (nf + 1)-MepHoe dasoBoe mpocrpaHcTBo peer. 
TlepeMeHHbIX x°, ..., x? H GyeM OOo3Ha¥aTb TOUKM STOTO MpocTpaHcTBa, B OT- 
quuve or ToueK mpocrpancrsa X", OyKBaMM MouyxXMpHOrO wWpudra x = 

k 
= (x°,..., x"). O6osHaumm uepes L't! npamoe npouspenenue mHorooOpa- 
sua M* ua ocb x°. Torga Halla ONTHMAaIbHaA 3alada 9KBUBAJIEHTHA Cue yioulen 
3ajaue. 

CuctemMa ypaBHeHuli WBuxKeHHA cbasoBol TouKH x (ft) = (x° (2), .. ., x” (2) 
uMeeT BHI 

xP (Dee fie Oe (Ct) ee (3) 
Tpe6yerca BbIOpaTb Takoe JonycTuMoe ympaBsenue u (2), fo Cth, arobp 


COOTBETCTBYIONAA STOMY yIpaBJIeHHiO HM HayasbHOo tbyHKuun g (f) = (0. @ (A), 
to —tT<t<.to, rTpaextopua x (f)= (x° (), x @)),  t —tT<¢ Sh, .cucre- 
MbI (3) yOBJIETBOpAa KpaeBOMy YCJIOBHIO X (1) €L"** w xoopgunata x° (1) 
oOpamlaiach B MHHHMyM. Bcsxkoe JonycTumMoe ynpaBsenue u (t) H CooTBeTCT- 
BylOlly!0 TpaekTopuio xX (f), yoBseTBOpsiomNe ccbopMysMpoBaHHOHM sayaye, 
Ha3s0BeM ONTHUMAIbHBMMH. 

2. TI pHHuunm MakKCUMYyMa ZAA ON THMAALBHBEIX HNPO- 
weccoB c 3am a3qbBaHHEeM. Bpegem B paccmorpenve (n + 1)- 


a 
MepHbiit KOBapHaHTHEIi BeKTop ‘) = (ip, .. ., Pn) Mpocrpancraa X”*? uw co- 
CTaBHM CKaJIApHylo (YHKUHIO 


11 
ip (yp, xX, Y, u) = Me Wal (ei Y; u). 
> mee Sid 
Uepes M (ip, x, y) oOOo3HauMM TOUHYIO BepXHiOIO rpaHb cbyuKuuu H (ip, x, y, u) 
Tip (UKCHPOBaHHbIX tp, X, Y MH Mp UW, MeHsAIOWeMCA Ha MHOxkKecTBe Q2. | 
Teopema 1 (npuHunn maxkcumyma). JIycmo x (t) =(x° (0), x (0), 
to — TN ECh,— onmumanenan mpaexmopus cucmemo (3), coomeemcmeyrto- | 
wan onmumanbHomy ynpaeaenuto u(t), t.<t<t, uw navaronott dynAKyuu | 


@ @) = (0,9), to —tKt<to. Toeda natidemca makaa Henyaeean Henpe- 


poleHas eexmop-@ynkyusr (¢) = (abo (2), (2) == Cbo@); - 3 a lt), tot ee 
yOosremeopsrowan Ha ompeske to < t < ti — t cucmeme 
be () = — AW O*O.2¢ =. ud) OF HED, H+), ¥O, UE +9) 
ax! dy’ J 
K=O el Abe Ory (4) 


a Ha ompeske ti —tT\t< th cucmeme 
nis(d) ake nD) AO SA) 


2 peel nee Se (5) 
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umo Ha écem ompeske to Cth ebinoansAemcA ycAaogue MaKcumyma 


H(p@, x@, x€—D, eO™) =MH(), x), x¢€—-D) 6) 


u Hepasercmeo rp, (t) = const < 0; Kpome mozo, 6 KoNeuHDIli MomeHm BpemeHt ti 


H (p (1), x (41), x (4 — 1), u (tr) = M (wp (ti), x (4), x (1 —1)) = 0, (7) 
u eekmop rp (t1) = (\p1 (41), ... Pa (t1)) Opmozonanen K k-mepnoti Kacamenonod 
naockocmu T° mxoeoodpa3sun M” 6 mouxe x (ti) = (x! (h),..., x” (dh). 

TakuM oOpa3oM, JWI HaXOMKACHHA ONTHMAJIbHbIX ypaBJeHui H ONTHMAaJb- 
HbIX TpaeKTOPHi MpH NoMomH Teopemb! | HyxXHO pellIMTb COBMeCTHYIO CHCTeMy 
AudphepenuMasbubxX ypaBHeHHki (3), (4) Ha orpesKe fo << t < ti — TH CuCTeMy 
(3), (5) Ha orpesxe 4H —tTCtCh. 3yecb BO3HNKaeT TPYAHOCTb, CBA3AHHAA 
‘€ TEM OOCTOATEJIbCTBOM, TO HeH3BecTHbIe dbyHKuuH x! (Z),..., x? (A, 
‘api (t), . . ., Pn (4) BXogaT B cucTemy (3), (4) Kak Cc 3ana3qbIBaIONIMM, TAK H C one- 
‘pexKaiouuM aprymentom. Jia JMHeMHDbIX ONTHMAJIbHbIX CHCTeM C 3aMa3jbIBalO- 
MMM apryMeHTOM 93Ta TPyHOCTb oTcyTcTByer (cM. 1. 4). 
h 3°. Kparkui naan Roka3saTeabcTBa Teopempm Ll. Ilyctb 
x (), t0 —t << t<h, onrumasbuan TpaeKTopusa cucrempl (3), CooTBeTCTByI0- 
ai ONTHMasbHOMy ympaBsenuio u(t), to Cth, uw HavanbHon dyHKIMN 


> 
@ (t), to — t< t <b. Tlocrpoum cemeiicrno V JomycTuMbiIx BapHauul ympas- 
JeHua w(t) cnoco6om, H310x%KeHHbIM B paOore (1). Kaxkomy BapbHpoBaHHOMy 


ylpapuennio vEV u 3aqaHHol HauabHoH dyHKunu @ (ft), tt —-tTCtE< bo, 
“COOTBETCTBYyeT TpaeKTOpusA cuctTembI (3) y (¢). MoxHo noKa3aTb, 4TO y(t) = 
)=x (4H) + €6x (44) + 0(e), rae © — nomowKuTetbHad OecKOHeyHO MaJaa 
BeJIMUHHAa, H COBOKYMHOCTb BeKTOpos X (f1) ++ 6x (f1), COOTBeTCTBYIOWIMX BCe- 
‘BOSMOXKHEIM VEV, oOpa3yioT BbIltyKsbIit KoHyc K, c BepwIHHOH B ToUKe xX (f1). 
Cemetictso V cojlepxXuT BapHallMu CJlexyiouero Bua: 


uw (t) mpu 4, t@< 0 — 8; 
u mpo §@—e<t< 8; 
v0 () = u (t) Mpn pd =< P< fi; 


u(ii— 0) nphi<t<h-+ ep, ecm p> 0, 
rie §) — MpOH3BOJIbHad TOUKA HEMpepbIBHOCTH yupaBseHua u (Z), to t< hy; 
u'€Q. Bappupopannomy yupapienuio v(t) HM HavanbHoH dyHKuun 9 (2), 
to — t<t < fo, coornetcrByer TpaekTopua y (f) cucremb! (3), MpewcraBumas 
Ha orpeske 9 << ¢< ti + ep B Buse 

y () =x (f) + 20x (2) + 0 (2), 
Tne 6x (4) =O mpu 6—trt< 0, a na orpesKe DQ th + ep yyos- 


Be BORAGE CHCTemMe ypaBHenun B BapHaluaAx 
d n 


Bt) =>) | af (x), x(t), 41) 9 ( 4 OF (x(), x ($= 9), 4b) bx%(t—1) |, 
4 a=0 ox* oy" 
rh SSS REE 
M IpHHHMaeT HavaibHoe 3HayeHHe 
6x (6) =f (x (6), «(8 — 1), w)—ft(x(), x(8—71), u ), 
mre Pa=(Poy ee, ) ft). 

Tak Kak TpaekTopua x (¢) ONTHMasbHa, TO HHKakol Aya JC X"t1 BEIXOLA- 
MH M3 TOUKH X (f1) H HanpaBJeHHbIit BAOMb OTPUUAaTebHOM ocH x°, He ABJIAeT- 
(CH BHYTPeHHUM JIA KoHyca K. CnegopatesbHo, sepes xX (f1) MOxKHO TpoBecTH 
\OnopHy!0 MlockocTb P kK Konycy K, orgeasiomyto yu / or Konyca K, 


_ ITlyerp xy = (Xo. » «+» Xn) — KOBapMaHTHbI BeKTOP, OpTOroHasbHbI K P 
rs HalpaBJIeHHbI B cropony sy4a /, u mycTp pp (f), fo Ct < t1,— HenpepbiBHoe 
\pemtenue cuctempt (4), (5), yRoBseTBopstomlee KpaeBoMy ycJIoBulo tp (f1) = X. 
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Torga cKalapHoe NpousBexenne 


tp (t)- 8x (4) = y- 8x (4) <0. (8) 
JTlokaxkeM paBeHCTBO 
‘p (8)-8x (8) =p (4) -8x (A). (9) 


Mmeem 


ty 
ip (ta) -8x (t1) — a (8)-8x (6) =| Oh 6x ()’ dé = 


t) 


f ty > 
= >) [| HOO. +0. 20— 9.40) 68 Gat — 
a=0 047 2 
on i. OH (b(t +0), x(t+7), x(), u(t +0) dx% (Zt) dt| mie 
oy" 
8 


V3 nepapencrsa (8) u papencrsa (9) BbireKaeT paBeHCcTBO (6) — ycoBHe MaKCH- 
mMyma. HepapencrBo wo (t) = const <0, paBencTBo (7) M OpToroHasIbHOCTb 
BeKTopa %p (f1) Kk T" qoKa3piBaloTca Tak %Ke, Kak B paGore (}). 

4° JimHeHHHe ONTHUMANbBHBeE B CMHCAeE OnCTpo- 
MeHCTBHACHCTEMEBC 3anasAHBAWMAM APryMeHT OM, 
BaxkHelWiuM Jit TpHJioxKeHHH MpHMepoM ABJIAeTCA JIMHEMHAaA yipaBJaemaa 
CHCTeMa C 3ala3bIBAaIOIMM apryMeHTOM 


n n r 
#() = >) abx* +>} baxt € — sv) ED) cea? (Oy = Te ee 
a=1 a=1 ail 
me x = (x',..., )EX* wu = (uw, ..., uw) —TOUKa BEINyKIOrO saMKHy- 
TOrO OrpaHWyeHHOrO f-MepHoro MHororpaHHHKa 2. 
Mp OyeM pacCMaTpHBaTb TOJIbKO OMNTHMAJIbHY!IO MO ObICTPOJeHCTBHIO 3a- 
qauy. B nallem curyuae cucrema ypaBHeHuit quia p (¢) MMeeT BUT 
7m nm 


bt j= athe OSD be 
a=1 C= 
(11) 


be (ft) == >) aha (),, 7 1 = 
a=] 
Cuctema (11) He cozep»xuT HevsBecrHbIx x (4), i = 1, ..., n, Mo3sTOMy ee MOx- 


HO pelilaTb He3aBHcHMo oT cucTemb! (10), H yKa3aHHaA B KOHUe MN. 2 TPyAHOCTb 
B 9TOM Culyuae oTrcyTcTByer. 


Cuctemy (10) Ha30BemM HeBBIPO*KIeHHOH, eCIM JIA m060ro HeHyseBoro pe- 


menus wp (¢) cucrempi (11) u qua mo6oro BeKTopa w € EF’, umetouero HalpaB- 
JeHve Kakoro-JIMO0 M3 peOep MHOrorpaHHuka ©, CKaJIapHoe NpousBexeHHe 
tp (Z)-Cw He oOpamjaerca TOwKAeCTBeEHHO B HYJIb HU Ha KaKOM OTpe3ke BpeMmeHH 7, 


re C = || cj |. Tipocrstx nocrarountix ycoBuit HeBbIPOKJeHHOCTH, aHasorH4- 
HbIX YCJIOBHMAM HEBbIPOMKeCHHOCTH, cosepxKamlumMca B padorax (?, *), Ham He 
ylalocb OOHapyxXuTb. OHAaKO WIA OOMIMpHOrO Ksacca JIMHeEHHBbIX CHCTeM C 3a- 
Ma3{bIBAHHEM, MMEIOMIMX BarKHOe TEXHMYeCKOe MIPHMOMRKeHHe, YCMOBHE HEBbIPOXK- 
J@HHOCTH JIerKO ycTaHaBsuBaeTca. J]ia HeBbIPOKMeCHHbIX CHCTeEM CIIpaBeJIMBbI 


TEOPeMb! CJMHCTBEHHOCTH, aHaJIOrMUHbIe Te€OpeMaM CAMHCTBEHHOCTH VIA JIMHeH- 
HbIX CHCTeM 6e3 3alla3]IbIBaHHA. 


Matematuyeckuii uucTHTyT um. B. A. Crexnopa Tlocrynuso 
Axayemun HayK CCCP 2 VII 1960 
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Loknayp Akagemun wayr CCCP 
1961. Tom 136, N t 


MATEMATHKA 


A. C. WIBAPL 


TOMOTONMYECKAA ABOUCTBEHHOCTb JJIS MPOCTPAHCTBA 
C rPYMNMOW ONEPATOPOB 


(IT pedcmaeaexno akademukom IT. C. Aanexcanxdposvim 7 VII 1960) 


 Llepio Hacrosmen 3amMeTKH ABJIAeTCA OOOOmIeHHe ABOMCTBeHHOCTH Cna- 
fipepa — Yaiirxeya (',”) Ha MpocrpaHcTBa c rpynmo omeparopos. 

Ilycrb G — Tonosormyeckad rpynna. Byzem Ha3bIBaTb G-IIpocTpaHCTBOM 
TONOOrHYecKoe MpocrpaHcTBo X,B KOTOpOM JlelicrByer 6e3 HeMOABUXKHBIX TO- 
mek rpynma G, nopoxfad riaBHoe paccioeHHe 1: X — Xg (uepes Xq_ O60- 
S3Ha4aeM IIpOCTpaHCTBO TpaeKTOpHH rpynmb G, elicrByomeHt B X). G-mpo- 
erpancTtBo X Ha3biBaeTcA G-OWHUIMpPOM, ecH MpocrpancrBa X u X@ 
\ABJIAIOTCA KOHCUHBIMM MowHaqpamu. MuoxkecTBo TOMOTOMHYeCKHX KIaCCOB JO- 
MyCTHMBIX (T. €. KOMMYTHPYIOWMx Cc MpeoOpas0BaHvamu rpynnmbl G) orodpaxke- 
Hu G-lpocrpaHcrBa X B G-nMpocrpaHcTBo Y OTHOCHTeJIbHO JOMYCTHMBIX To- 
MoTONHH Oyzem oOosHauaTh [X, Y]. 

Coequnenue X * Y wByx G-npocrpaucts X u Y ectTecTBeHHbIM o6pasom 
2TaHOBHTCA G-pocTpaHcTBOM (TOUKH coeqHHeHHa X * Y mpexcTraBsAIoTCAa eae 
kamu (x, y, t) c oroxectBieHuamu (x, y, 0) ~ (x, y’, 0); (x, y, 1) ~ (x, y, 1); 
tpynna G qelictByer Ha X* Y mo POUNYES g (x, y, t) = (2 (x), g (y), t); 3necb 
m «GA, y, y GY, géG, 0<t< 1). Ecau g: X — X’; wp: Y > Y’ —po- 
IycTuMble oroOpaxkeHusi Galpocrpaiiers, TO eCTeECTBEHHO oOlpefeimeTcaA Hx 
‘oeMHeHHe: olycTHMoe oTo6parKenue Manabi Xe Y + XO Ye 

Ilona rpynnamu romonoruu H;(X; A) (rpynmamu Koromosorni HH‘ (X; A)) 
scerya OyeM NOHHUMAaTb NpHBeeHHbIe CHHIyJIApHble TpyliMbl TOMOMOrHH (KO- 
‘OMoOrMH). SameTHM, 4TO B rpymnax ToMoJorHi M KOroMOJIorMi G-nmpocrpaH- 
TBa jleicTByeT rpymna CG. 

MuKcupyem HeKOTOpOe GnpocTpaHcTBO R. Coegu- 
gine Re...*R_ k 9x3emnmapos G-npocrpanctBa R o6osHauuM uyepes R,. 
-otToOpaxeuuem G-npocrpancrsa X B G-mpocrpancrBo Y Oyyzem Ha- 
biBaTb JonycTuMoe oToOpaxenve g: R,* X > R,p* Y, rye k = 0, 1, 2, 
cH ~ — RonycTuMoe oroOpaxenue R; * X BR), * Y, TO ecrecTBeHHO ompe- 
BuIAeTCA JoMycTHMoe groOpaxenve 1; (~): Rpwz * X > Rays * Y Kak coedu- 
RHHe TOXMRKAECTBeEHHOrO oOTOOpaxKeHHA MpocrpanctBa Rk; HW oTroOpaxkenua —P 
Mech Rpaiz* X Ww Rey, * Y paccMaTpHBaloTcA COOTBETCTBEHHO KaK 
'7* (R, * X) wu Ry, * (R,* Y). [ipa R-oro6paxenun @: Rp * X + R,z* Y 
4p: R; * X +R,;* Y na3opem RTrOMOTONHBIMH, eCJIM QJId HeEKOTOpOoroO 
> k, | oro6paxenua ra_p (P) HM fr—1 (Xp) QomycruMo romoronHE!. MxoxecrBo 
-roMoTomuuecKHx KJlaccop R-oroOpaxennit XB Y Oyem o6o3HauaTb {X, Y}. 
aMeTHM, 4¥To MHoxectBa [R, * X, R, « Y], B yacrHocru MHoxecrso |X, Y], 
TECTBEHHO OTOOpaxKaloTca B MHOxecTBO {X, Y}; MHoxecTBo {X, Y} MoxkHO 
\CcMaTpUBaTb KaK Mpesen mpamoro cnekrpa mHoxectB [R, * X, R, * Y] 
HOCHTeMbHO oToOpaxennit [R, * X, Ry * Y] > [Rays * X, Rays * Yi). 
_Eenu a€{X, Y}, aBE{Y, Z}, To c NoMol[b1I0 KOMNOSHIMH Ope les AIM xX 
iements: & uP R-oroOparxenui MoxerT ObITb OlpeledeHa KOMMO3HIMA STUX 
Hiementop B-2E{X, Z}. 


B jlaibHeliltiem OyteM cuHTaTb, ¥YTO MUKCHpPOBAHHOe HaMuU 
GnpocTpaHcTBO R ABAAHETCHA CME PHM Gnomus pom, 
rOMOTOMHuUeCKH JKBHBAACHTHHM PFMeEPHOH Chepe. 

Teopemal. IJlycmb’ Y — G-npocmpancmeo, acthepuanoe 6 pa3mepHo- 
cmax <n (m.e. Y cessno um; (Y) =0 npul<gi<n), X — G-noausdp 
c npocmpancmeom mpaekmoputi XG pasmeprocmu < 2n — 2. Toeda ecmecm- 
eenHoe omobpascenue muroocecmea |X, Y] 6 mnoowecmeo {X, Y} e3atimHo-00KO- 
3HQA4HO. 


CnenctBue. Ecun X u Y — G-nonnanppl, TO MpH focraTouHO Ooub- 
mmx & ecTecrBeHHoe oToOpaxkeHve MHoxecTBa [R,*X, Ry*Y] B MHOKeCTBO 
{X, Y} B3aHMHO-OJHOSHAUHO. 

Beskoe R-oroSpaxenve G-mpocrpauctsa X B G-mpocrpancrsBo Y B cHJly 
coornomenus H; (X; A) = Hip(r4+yr (Ra* X; A) MHLyuMpyeT TomMomopdusm 
rpynnpt H; (X; A) B rpynny H; (Y; A), kommyTupyronmi c mpeoOpasoBaHu amu 
rpymnbt G (3fecb A — m106ad aOeneBa rpymna). 

Ilycrp X, Y, Z —.G-mpocrpaucrsa, ~ — R-oroOpamennve G-mpocrpancrBa 
KOEN EG CC -ipocrpancrRo Z, A — uekoropoe tose. M3pecruo (°), uro TeH3opHoe 
mpouspenenie H; (X; A) ® Hs-i-1 (Y; A) ecrecrBeHHO BKJlaqbipaeTCa B 
H;(X * Y, A), Mostomy oToOpaxkeHve /, MopomwkaeT roMOMOp®u3M Ipylitibl 
H; (X; A) ®@ Hs—i-1 (Y; A) B rpynny H; (Z; A) unu, Apyrumu cuioBaMy, cia- 
pupanve rpymn H; (X; A) u Hs—i-1 (Y; A) B rpymne Hs (Z; A). Ecau mpoct- 
panctBo Z roMOTOMMYeCKN IKBUBAJICHTHO S-MepHOH Cepe, TO CNapMBaHHe rpyni 
H; (X; A) uw Hs—i-, (Y; A) B rpymne Hs (Z; A) = A MoxwkHO paccMaTpHBaTb Kak 
CKaslapHoe MpouspeleHve (HanomHuM, uro rpynmpr MH; (X; A) u Asis (Y; A) 
HajeJIeHbl CTpYKTYpOH BeKTOPHOTO MpocTpaHcTBa Haj Moslem A). 

Onpeteaeuue. Byem rospoputb, uro G-nommanp Y ~ n-2BolicTBeH 
Gnomwuanpy Xu nucatsb Y = D,X, ecau cymectByer Takoe R-oroOpaxe- 
Hue G-poctpaHcTBa X * Y B Ry, YTO CKaJIAPHOe MpOH3BeeHHe BEKTOPHBIX MIpo- 
crpanctB H; (X; A) u HAnr4iyr—2 (Y; A), ompenemsemoe stum R-oToOpaxe- 
HHeM, OyeT HeBbIPOXKJEHHbIM DJIa WOOoro noua A u sM060ro i > 0. 

OrmeTHM cJleflylouive CBOMCTBa onepaTopa fBolcTBeHHocTH Dr: 

lo Eom) Yor Dax toe Cay, Yr mew ae 

Ds Ry of DEEN = Drrr »,€ Bp (Re * X) = Drin X. 

rt BE Ge se 0 a, Gia 48 Falta OC TL) ; 

4, Ecau Y=D,X, ro cytectByer usomop@usmD,: H, (X)> H"’ TY? (yy, 
KOMMYTHPY!OMlMH Cc NpeoOpas0BaHHamu rpynnpl G. ' 

5. Ecnn Y = D,X, To nommagp Y cna6o (nr + n — 1)-2BolicrBeH NomMay- 

py X B cMbIcse Cnaubepa — Yahrxena ('). 

6. IIpocrpaucrso D,X ompemesteHo c TouHocTbIO Ao R-roMoTomMueckoro 
Tana (uHaye ropopa, ecmu Y = D,X u Y’ = D,X, To yaa Hnexoroporo k > 0 
HaleTca JONYCTHMas TOMOTONMYeCKaA IKBUBAJICHTHOCTh @: Rp * Y > Ry, * Y’, 

Ilyerp X uw Y — G-nonnonpp, Y’ =D, Y, u: Rp «Yor Y’ = Ri * Ry =e 
= Rrin— R-oro6paxenne Y « Y’ B Ry, Mopoxsaiomee ABolicTBeHHocTh Y u Y’. 
OnpeyesumM oro6paxkenve P, mHoxectBa {X, Y} B MHoxwecTBo {X * Y’, Rn} 
C MOMOLIbIO CyeLylouero coramenua. Ecnm snement a €{X, Y} onpenenserca 
oroOpaxkeHvem @: Ri x X +R, * Y, To anemeut P, (a) €{X * Y’, R,} sanaetca) 
cynepnosuunen tp oroOpaxenuli m * 1: (R;* X) *(R,* Y’)— (Ry; * Y) * (RyxY’) 

MW 1l*u: R;* (Rr*xY * Y’) +R; « (Rp * Rn) (uepes 1 o603Hauaem Tox JeCT- 
ae oroOpaxkeHue; O CyMepnosHyHu oroOpaxenul @ * 1 u 1 * uw MoxHO ro 
BOPHTb, Tak Kak (R; * i *« (R, * Y’) = R,; * (Rp Y * Y’); oro6paxenue Wi 
(R; * X) * (Rp * Y') > R; : (Rr* Rn) B  CHsy cooTHoueHHi (Rp, * X) 4 
#(Rp* Y') = Regi & (X* Y’), Ri (Rp * Rn) = Resi * Ra MOXKHO paccmar- 
puBaTb Kak R-oroOpaxenne X * Y’ B R,). ¥ 

OcHOBHaAA memMMa. Omo6pascenue Py AeAnemcA b63QULMHO-OOHOSHA4 
Holm Ccoomeemcmeuem meocdy mHoocecmeamu {X, Y} u{X * Y’, Rz}. 

Onpegeneune 2....ycre -X.-n Y— Gnonusapu, ; X’-= Dam 
Y = D,Y — n-yBolicrpenuple uM G-nomMayppl; u uv — R-oroOpaxenus 
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X+*X'sBR,u Y * Y’ BR», NopoxatonMe STH COOTHOMIEHHA JBOMCTBEHHOCTH. 
Byjlem ropoputb, ¥TO DM eCMECHT GE{X, Y}n-MBOHCTBEH JMeCMEH- 
Ty BE{Y’, X’} = {DrY, D,X}, u mucath B =D, (u, v) (a) (anu mpocro 
6 =D, (a)), ecam P, (a) = P, (B) (anemenr P, (a) mexuT B MHOxKeCTBE 
{X * Y’, Rn}, anement B — B MHoxecrBe {Y’ « X, R,}, HO X* Y’ = Y'« X, 
mostomy paBencTBo P, (a%) =P, (Bp) umeer cmpicu). 

V3 ocHOBHOM JIeEMMbI BbITeKaeT cCuJleqyromas 

Teopema 2. Omo6paoenue D, (u, v) A6AMeMCA 630ULMHO-OOHOSHA4HOLM 
coomeemcmeuem mHoocecme {X, Y} u {DnY, DX}. 
| YkaxKeM HeKOTOpble CBOCTBa oTOOpamKeHua Dy: {X, Y} — {DrzY, DnX}: 
1. Oro6paxenve D, mepeBoquT Kommo3sumuio f-a smementos a € {X, Y}, 
Be{Y, Z} B komnosnunio D, (a)-D, (B) sanementop Dy (6) €{DnZ, DnY}. 

Biaveniu,?, DX). 

2. Tomomoppusmesr H;(X; A) > A; (Y;A) wo Anertiy—i—2 (DnY; A) > 
— Aryr+y-i-2 (DnX; A), WHAyUMpoBaHHble semeHTama a €{X, Y} u 
Dn (%) €{DaY; DnX}, HAA s0G0ro MoMA ABIAIOTCA CONPAxXeHHbIMA TOMOMOp- 
‘u3MaMM OTHOCHTeJIbHO CKaJIAPHbIX MpOH3BeeHHH, MOpox*KTeHHbIX OTOOpaxKe- 
HUAMH, 3aalouluMH jJIBOHCTBEHHOCTH. 

YxkasaHHble paHee cBolicrBa 1—5 omeparopa ABolicrBenHoctu D,: X - D,X 
mepenocatcs (Cc COOTBeTCTBYIONIMMH H3MeHeHMAMH (popMyMpoOBOK) Ha oMmepa- 
Bop Dat, Y} —{DnY, D,X}. 

Tlanvoe BbIlle ONMcaHHe onepatopa D, Moker ObiTb ypouleHO B culy4ae, 
xorga R = S’ uw npeo6pasosanua rpynnpt Gua R = S’ anaswrea oproronab- 
‘HEIMA MmpeoOpasopaHvamu. Torga mpocrpanctBo R, MOxXKHO OTOXKECTBUTb CO 


ecepoit S”t" uv npeoOpasopanua rpynmb G Gyzyr oproroHabHbIMu Mpeodpa- 
30BaHHAMH TaKKe Ha Ry = Svt", 
Teopema 3. Ilycmo X, Y — nenepecekaroujueca nodmnoocecmea capepot 


R, = S™*" 1 uneapuanmuoie omxocumeasno epynne G. IT pednoaoocum, umo 
X, Y — G-nonusd0pol omHocumerbHo onpedereHHo2o 6 HUX Oelicmeun epynne: G; Y 
SAGANEMCA OeshopmauUUOHHbIM pempakmom mHoorecmea R,\. X ue Y He codepacum- 
cA mouek, OuamemparbHo npomusonoarodicHolx moukam munooecmea X. Toeda 
G-nonusdp Y  n-dsoticmeen G-nonuadpy X (m.e. Y = D,X). Ecau X', Y’ — 
Oea Opyeux nodmHoocecmea cqepot Rn, yOoeraemeopsouux mem oe YCAOBUAM, 
u XC X’',Y’CY, mo omo6pascenuan enoncenua X — X’', Y' +Y nopoocdatrom 
‘n-Osolicmeennole Opye Opyey anemenmo: mnoocecme {X, X'}, {Y’, Y}. 

YkaxKeM, KAK B YCJIOBHAX STON TEOPEMbI MOCTPOUTb Nopowaromlee LBOUCT- 
BeHHOCTb OTOOpaxkenve uw: X «x Y > R,. Econ touka a€ X * Y ompeneasetca 
TpouKon (x, y, t) (xEX, yEY, O<t< 1), Tro TouKy u (a)€ Rp» onpexzenum 
Kak TOUKY, KOTOpad JesIMT MeHbUIyi0 W3 Ayr Ooubuloro Kpyra, COeMHAIOWAX 
TOUKM x H y, B oTHOWeHUH ¢: (1 — 2). 

Tlocrpoenve 2BOMCTBeEHHOCTH, OMMCaHHOe B TeopeMe 3, MoxeT ObITb TIpHMe- 
‘HEHO, B UaCTHOCTH, K WMKIMYeCKOH rpynme Z, (AIA Hee MOxKHO MpHHATS R = S!, 
‘a pu n = 2 raxxe R = S°) u x rpynnam S! = U (1) kommueKcubIx 4HCcen, 
TO Moxysto paBuEix 1, u S? = Sp (1) kBarepHHoHoB, 0 HOpMe paBHbIXx | (a8 
STHX Tpynm 3a R MOMKHO MIpHHAT CaMO rpylMoBoe MpocTpaHcTBO, B KOTOPOM 
Tpytima JelicrByeT C HOMOMIbIO JeBbIX CBHTOB). 

IIpumep. Ilycrp G=R=S', X = Yn, 2. — wrHdesreBo _MHorooOpasne 
“OPpTOHOPMH poBaHHbIX 2-pemepoB, B KOTOpoM 9duleMeHT e’? € S? jelicTByeT, MOBO- 
pauwuBad Kaxkblii 2-penep Ha yrouJl @ B MuocKocTH 9TOro perepa. S'-mMpocrpaxct- 
Bo Y, n-7BolicTBeHHoe S'-mpocrpaHcTBy X, MoxKeT ObITb MOCTpOeHO Cle yIOULMM 


o6pa3om. Toukamu mpocrpaucrBa Y sBasioTcs napbl (a, b), rae CGS bas: 
‘© oroxKecTBenuamu (a, b) ~ (— a,— bd), rpynma S' yelticrByer B Y no dop- 
ye g (a, b) i (a, gb). ‘ 
3ameuaunue |. G-mnpocrpanctso R, Cc MOMOLIbIO KoTOporO CTpPOHaCcb 
ABOHCTBEHHOCTh, MpeANosaraoch 3feCb 7-MePHbIM MOIM34poM, FOMOTOMMYeCKH 
‘SKBUBAJICHTHbIM f-MepHol cibepe. OgHako wWeHOH HeKOTOporo yCJlOx%KHeHUA 
\ollpefesieHHi, POPpMyHpOBOK HM AOKA3aTeJIbCTB MOUTH BCe MepedHCJIeHHble BbILe 
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YTBEpKICHHA MOryT ObITb MepeHeceHbl Ha Cilywal, Korma R — M1pousBoulbHoe- 
G-mpocrpaHcTBO, TOMOTONMYeCKH SKBUBaJeHTHOe ciepe. 

3ameuauue 2. Yka3aHHaM BbIMe LBOMCTBeEHHOCTbh G-IpocTpaHCTB TeCHO: 
CBaA3aHa C JIBOICTBEHHOCTbIO paCCJIOCHHbIX MPOCTPaHCTB, MNOCTPOeHHIO KO- 
Topol GyneT MocBaleHa OTMeNbHad saMeTKa (’). 


BoponexKckHli rocyapcTBeHHbIit Tloctymui0 
yHUBepCcuTer 4 VII 1960 
IMTHPOBAHHAA JIATEPATYPA 


1E. Spanier, J. H.C. Whitehead, Mathematica, 2, 56 (1955), 7 E. Sp a-@ 
nier, Ann. Math., 70, Ne 2, 338 (1959). 3 J. Milnor, Ann. Math., 68, Ne 3, 430° 
(4956). * A.C. Isapg, JIAH, 136, Ne2 (1964). 
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Jloxrnayn Akagemun nayx CCCP 
1961. Tom 136, Ne 4 


_THJIPOMEX AHHKA 


b. HW. JABbIJOB 


K CTATHCTHYECKOH AMHAMUKE HEOKUMAEMONM 
TYPBYJIEHTHOM )KHAKOCTH 


(IT pedcmaereno axademuxom M.\A. Jleonmoeuuem 11 VII 1960) 


_ B coBpemeHHoH TeopH TypOyJIeHTHOCTH MOTOK %KHKOCTH OObIYHO OMMKCbI- 
BaeTCA JBYXTOYCUHBIMH CTATHCTHYCCKUMH MOMCHTAMA, T. €. KOPPeALHAMH PHI- 
POAMHAaMMYeCKHX BeIHYHH, OTHOCAMLMXCA K JBYM TOUKaM, HaXOMSAIMMCA Ha 
KOHCYHOM paccTOAHHH. CioxKHOCTA TaKOrO ONMCaHHA 3aCTaBUa OrpaHv4uBaTb- 
(CA B OCHOBHOM IIPOCTeHIHM CJlyyaeM OJHOPOAHOH TypOyJIeHTHOCTH, HO axe 
Ip TaKOM OrpaHH4eHHA OBI JOCTHIHYTHI JIMINIb HenowHble ycnexu. Eppa au 
MOSTOMY MOMKHO HaseATLCA, 4TO TEOPHA HeEOMHOPOAHOK TypOyeHTHOCTH, ome- 
pupyroulad C JByXTOWeUHbIMH MOMeHTAMH, MOrvia Obl aTb BO3MOXKHOCTb JOBO- 
AMTb JO KOHIa KOHKpeTHble 3a,a4u. STO 3acTaBHJIO HAC BEPHYTbCA K OJHOTOUeU- 
‘HBIM MOMe€HTAM H NOMbITATLCA NOJIYYHTb WIA HAX 3aAMKHYTYIO cucTemy ANdde- 
PeHUMaJIbHbIX ypaBHeHHH. 

B paOore apropa (7) TypOyJieHTHBIM MOTOK ONMCbIBaJICA CJIeELYIOWMMM BeJH- 


‘WHHAaMH: CpeqHeli cKopocTbio U; = u; B KaxKOU MaHHOl TOUKe (HM B aHHbIl Mo- 
'MCHT BpeMeHH), 3aTeM BTOPbIMH H TpeTbHMH MOMeHTAMH IyJIbCaLMOHHbIX CKO- 
pocreH 0; = u; — U;, Ry = v;0; U Sin = U;UjU, HM, Hakone, AuccunawneH 
‘SHEprHH B aHHOH TouKe Q = v (du;,/dx,)?, Tae Vv — BASKOCTb. 

Ilpu BbIBofe craTHcTHYeCKHX TudhepeHMabHbIX ypaBHeHH IA STUX OC- 
HOBHBIX BeJIMUMH H3 ypaBHeHua Happe — Crokca B ypaBHeHHAX MOABJIAIOTCH 
TakoKe WM [pyre MOMeHTHI, KOTOpble MbI MpHOJMKeHHO BbIpakKasIM yepes Nepe- 
MUCJICHHbIC OCHOBHbIe. UeTBepTble MOMeHTHI MyJIbCalMOHHbIX CKOPOCTeH MIpH ITOM 
BbIpaxKalorcd Yepes BTOpble U3BeCTHbIM Crlocobom. Uro xe KaCaeTCA MOMCHTOB, 


B KOTOPbl€ BXOLAT Ny/bcalnu JaBlenua g = p — P (rye P = p), To UX BbIpa- 
%KAalOT Yepe3 OCHOBHbIE MOMEHTHI, UCXOA U3 OM3KOM AHAJIOPMH C COOTBETCTBY1O- 
MHMM WieHaMM B KHHeETHYeCKOM ypaBHeHHH boJibiMaHa JIA UeaIbHbIX Tasos. 

Tana U;, Ri « Sin B (1) OblmM NowyyeHbI TAKUM MyTeM CyJlelyroulMe WAddpe- 
PpeHIUHaJIbHbIe ypaBHeHHaA: 


dU,/dt = OR ix/OXp, + OP/0x; =v 0?U,/0x;, OU, /0xp = 0; (1) 
‘ dR;;/dt + R;,0U;/0 x), + Rj,0U;/0 x), + OS:ijn/0 Xp + BQ (Rij —1/, 6;;R) / R ie 
+ By — "/s8:Ber + 7/38: Q = Vv O?RilOxn; (2) 


dS;;,/dt + Si,0U;/0x; + Sjx10U{/0 x; + Sin10 U0 X1 + 
+ ROR jx/0X1 + RyORin/0 x, + RpORijil0x1 ae B1QS;;,/R = 0. (3) 


Cre ypaBHenua (2) aeT ypaBHeHHe SHeprun 


1/.dR [dt + RipOU /Oxp_ + 1/2 OS,/0xn + Q = 1/2 V0?RIOXh, (2a) 
me S, = Spi — YABOeHHbIH TypOyseHTHBIM MOTOK SHeprHH. 

Tex3op B,; NoasBasnetca B ypaBHeHHu (2) B CKOLIEHHOM TMOTOKe;, OH HMeeT 
\HayeHHe TlaBHbIM OOpa3oM BOmM3H cTeHOK. B (?) qua Hero ObIvIO MoJy4eHO 
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BLIParKeHHe 


4 0U, OU Ey aU: 
By =zN>=+>=- ( B= 24 334 (4) 
Z ] m 
3necb N o3HauaeT TypOyJIeHTHYIO BASKOCTb 
aU, ; OU, \—2 : 
aka (GE) ° 


Tlosyuennoe B (?) ypaBHeHue id Q He MOXKeT CUMTATLCA YOBJIETBOPHTEJIb- 
HbIM KaK 110 CBOeMy BbIBOLY, TAK H, PlaBHbIM OOpa30M, MOTOMY, 4TO B HEM OT- 
CyYTCTBYIOT WI€HbI CO BTOPbIMH MpoOw3BOAHbIMH oT Q, KOTOpble, HECOMHEHHO, 
OJKHbI BXOMTb. 

Ceiuac, Hapay c quccunauMen Q, MbI OyeM TakxKe paCCMATPHBATb «KMOTOK 
muccumalun» 


C; = vou; (Ou; /0x;). (6) 
Mb BpIBeqeM LMddepeHiMasIbHble ypaBHeHua Aaa Q u C; momoOHO ToMy, Kak 


B (1) ObIH MOMyyeHb! ypaBHeHua Maia Rij UW Sip. 
V3 ypapuenua Happe — Croxca qua Q nomyaaerca: 


dQ 9 dU, { Ou; 00, dv, Ov, 9 C2 nieenoe, 
we M4 Ox, (a Ox, Ox; OX, ries Ox), Ox, Or Ox, ns 
0c, du; Ov; Ov, d dq 9, / 00, 2 a2Q 
sowed PE Se ee ee mes DS 2) | ee 
SIGER EAKERaDNSE ihe vin Se aie < | a "oe! (7) 


B 9TOM ypaBHeHHH MbI JOJDKHbI BbIAeMTb TlaBHble WIeHbI H MpeHeOpeub 
MeHee Cyl[eCTBeHHbIMH. Bo BTOpoM YJIeHe ypaBHeHHA COCTaBJIAIOMIMe TeH3sOpa 
Ou, Ou, 
a aye ONpeeAIOTCA B OCHOBHOM MeJIKOMaCLITaOHOK TypOyJIeHTHOCTBIO, aHH- 
TIC EE 
SoTpomHA KOTOpOH HeBeuKa. OHako, eCIH 3eCb MOMOXKUTb, NOOOHO TOMY 
KaK MbI 9TO JeJlaiIM B (') Ip BbIBOMe ypaBHeHuA AA R,;, 

ye er Pt (8) 
Ox0x Ome 


TO BTOpOH WieH ypaBHeHua (7) BOOOuIe OOpaTuTca B HYJIb, TAK Kak OU;/0x,= 0, - 
Tlostomy 3e@Cb HeEOOXOAMMO YUHTHIBATh AHHZOTPONMIO STOTO TeH3Opa, KOTOpaA 
B ypaBHeHuH Jia R,; Oblia HecyulecTBeHHa. B kKauecTBe Npocrelilliero mpeyqno- 
JO*KeHHA MpHMemM 
ay (Re 

Ox, Ox, © OX; OX, 

rye & — Oespa3sMepHblli KoSpPPUUMeHT, KOTOPbIit CeMyeT OMpeseruTS M3 OMbITAa. 
TpeTbHM H MATLIM YeHAMH MOXKHO, M0-BHAMMOMY, IipeHeOpeus. Mobi mpexe- 
OpexKeM TakxKe HM WECTLIM 4IeEHOM, MOMOOHO TOMY KaK Ip BbIBOJe ypaBHeHHA 


Wid R; B(*) MbI MpeHeOpersim aHaJIOrH4HbIMH UeHaMH C qu;, CBASAHHbIMH C TYP- 
OYJICHTHDIM Me€peHOCOM SHEPrHH MyAbCalMAMH [aBJIeEHHA, T. €. MpOMOJIbHbIMA 


BOJIHaAMH, Ansa ce€IbMOro WieHa, BbIpaxkax ero Yepe3 HallM OCHOBHbIe BeJIMYHHBI, 
MOJIO2KHM: 


/ 


2v2 (07u; | Oxp0 x,)? = Q? [Rs | (10) 


mle Y — ONATb SMMNMpMuecKHH Oespa3mMepHHI KosdipuuvenT. SHayenHe sToro. 
KOspPPUUHeHTAa ONpeleMAeTCA, ECM YYeCTh U3BECTHIM 3aKOH yObIBAHUA HHTeH- 
CHBHOCTH OJHOPOAHOH TypOyeHTHOCTH C TeYeHHeM BpeMeHH Ha HavaJIbHOL cTa- 
WuM BbIpowKenun (*) R~ I/t. JleiicrsurenbHo, ypaBHeHve 9Hepruu (2a) 
M ypaBHenve (7) Lalor JA OMHOpOAHOrO culyyan 

Va dRidti-P Qi) a Oldeeey O?/RI="0: | (11) 
Alia Toro yro6pt orcroza Nowyunsioch R ~ 1/t, RomKHO ObITh Y = 4. 
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Takum 06pa30M MbI MoulygaeMm HcKoMoe ypaBHeHHe Jin Q 
dQ OC, Q ou, Q2 a2Q 
ECE eal AR lah da (12) 


TlepexoquM K ypaBHeHHIO JWIad noroka yuccunanmu C;. V3 ypapnenus 
Hapbpe — Croxca noulyuaerca 


i, : ety! 
ei -- 9 ee i 4g ae U; Om ae | DAY) pre U;U 0m a 
dt 0 C6 VOX i, OX n 0% Juv carnyn ROR Pees Oaty 
ou. Ou, 02,0 Ov, 02 v,0 
t R R™m k k*m 
2Qvu; FEET) rege as Ro Hs 
+ Cp Ox, OF Ox, Ox,OX,, vey Ox. Av Ay 
ek du, ye 0u,0, / OU, ) ow aq - Ov, ik dg / 90, \? ix 
Ox, \ dx Ong OX 5 05,05, Se OTR et eeCtinl OF, 
Oy, \2 dv; @ / Ov, \2 OC, 
2v*ur( aan | Dy? ( b =v, 13 
= NV OXIOS,. a Oxy OX, \ OX, | ax? (13) 


Mb! JOJDKHbI 32€Cb ONSTb BbIAeIHTb OCHOBHbIe wleHbl. Bropbim wleHOM, Hecom- 
HEHHO, MOXKHO TipeHeOpeub NO CpaBHeHHIO C yeTBeprbiM. TperbuM WIeHOM MBI 
Takoke IipeHeOpexkemM — OH aHaJIOrMueH TpeTbeMy WIeHy B ypaBHeHuH (7) qa Q. 
UerpepTble MOMeCHTHI, BXOMAUMe B MATHIN HW CebMOM WIeCHbI, MbI IpHOTHKeHHO 
BbIPa3HM Yepes COOTBETCTBYIOMIMe BTOPbIe MOMEHTHI, MOOOHO TOMY KaK 93TO Je- 
 WaeTCA [JIA YETBEPTLIX MOMECHTOB UV; B YpaBHeHHH Wa Sijn, MpemMomaraa, Ta- 
KHM 06pa30M, Y4TO B KaxKOl TOUKe B MepBOM MpHOHKeHHM MMeeTCA HE TOJIbKO 
HOPMaJIbHoe paciipefeyieHHe MyJIbCalMOHHbIX CKOpocTeli, HO H HOPMaJIbHoe 

pacnpemesenve HX MpousBoxHEIx. Tora 
OD, O70, 0m Vy, P704Vq_ Up, Oy, Wy 


UL Se, Oxj0x,,  @! Ax, Ox, Ox, Ox, Wf Oxy 


Ov, 070; 0?u,, dv, 


Of Oi, Ox, OX, | "Fe, dxax,, ' © deax,, °™ dx, * 


* OX, OX, OX) 
| Tlepsntit 13 sTHX UNeHOB COKpatlaercs c WecTbIM yeHOM B (13). M3 ocrambHbix 
“YJIGHOB OCHOBHBIM ABJIAeCTCH MpeAMoceqHHi, KOTOPbIM MbI MH OrpaHHuHMCa. 
Ou papen 1/2R,0Q/0x, (BTropol HM TpeTHH WNeHI MaJibl, TAK KaK OHH OOpa- 
WlaloTCA B HYJIb, CCIM CUMTATb MeIKOMACIITAOH 10 Ty pOyJIEHTHOCTb M3OTPONHON). 
AnasloruuHo mpeoOpa3yem cebMol WJIeH: 


0v;0;, (90, 00,0, / 90; )' dv, 0, Ov, 

Ox), = Ox, Ce Tig Bg Og 

‘Tlepsprii u3 STHX AByX WICHOB COKpalaeTCaA C BOCbMbIM WieHOM B (13). Bropoii 
‘Aaer, ecH MpHHsTb 3yecb ycoBHe (8), 7/sQOR:/Ox,. Depart uw Recarblit 
"ajleHbl, B KOTOPble BXOMAT NYyJIbCalMM JaBJIeHUs J, Mbl BbIPa3HM Yepe3s OCHOBHbIC 
‘BeJIMUHHBI, MOMOGHO ToMy Kak 9TO Je/lalocb B (") C aHaJIOrMYHbIMH WieHaMH Tp 
BbIBOe ypaBHeHHa (3) quid Sij,. MonoxKum 


Ob Den 2 00¢ oq (| —= 
be ce, ney) tinea (14) 


¢ 6e3pasMepHbim Kosdpuuventom fz. Ilo cpaBheHulo C STHM BbIpaxkenvem wie- 
‘HaMH, MpOMOpiMOHaJIbHEIMH v?, B(13) MoxwkKHO mpeHeOpeub. B pe3ysbrate movly- 
yaeTcH ypaBHenue ia C; 

dC, ou; dQ OS. Oh eReG 
} ae Cn ay tReet GQ at Ro Ci = 9. (15) 
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r) 


: 


Ypapuenua (1), (2), (3), (12) u (15) qator movHyto cucremy Tudpcbe pe HH aI b- 
HBIX ypaBHeHuit ia BemMuMH U;, Ry, Sin, Qu C;. B oOmje cnowmHocTH Mosy- 
yaiores 23 KBaSHJIMHeHHbIX ypaBHeHHA JIA COCTABJIAIONINX STUX BesMUNH. B pas- 
JIMUHBIX KOHKPeTHBIX CJLYYaAX YHCIO YpaBHeHHH JOJKHO, KOHCYHO, YMeHbIMaTb- 
ca Onarowaps cumMerpuu 3ayauu. Ilomumo Toro, B CTalMOHapHbIx CJly4aAx 
(d/dt = 0) uacTh ypaBHeHuit CBOLMTCA K UMCTO aJIreOpan4ecKHM COOTHOMICHH AM 
MexKILy paccMaTpHBaeMbIMH BeJIMYHHaMH. ; 

PaccmorpuM TypOyJIeHTHBI MorpanwuHbit culo. I[pHOnmxenHo ero Bcerja 
MOXKHO CUHTATb MJIOCKHM; OCb X MbI HallpaBHM BJOJIb MOTOKA, y — Mo HOpMauIn 
K creuKe. B nepBom MpHOsWxKeHHH HMeeM 3yecb (?) 


Ry = const, OS/dy = 0. (16) 


YpapHenve sHepruu (2a) HM COCTaBJIAIOUAA ypaBHeHHA (2) nia Ryy Mawr, ec 
peneOpeub UX MpaBbIMH YaCTAMH, KOTOpble B OOACTA pasBHTOH TypOyuleHT- 
HOCTH He HMeIOT 3HayeHHA: 


Q=—Ryy0U,/dy, Ryy = BR2,/R. (17) 


CormacHo ypaBHenuio (15) np sToM 


RR 6g PERT oO 
—hQ ay  — BO ay” Ki) 


Giz 
Tloncrapiaa STO 3HaueHve B ypaBHeHHe (12) ana Q, Moyyaem, OMATH-TaKH 
oTOpacbipad MpaByl0 4aCTb ypaBHeHHA: 


‘ p2 

ae ee | (19). 

Body \ Q oy R 

B mlorpanuuHom caoe R u3MeHaeTca MeyeHHO, orapudmuuecku (7). Ipe- 
HeOperaa 3THM H3MeHeHHeM, Nosyuaem orcioga Q ~ 1/y. Cornacuo (17) mpu stom. 
take uU OU,/dy ~ 1/y, 4ro NpuBOLNT K NOorapucdMuyecKoMy pour cpeqHen 
CKOpocTH, XapaKTepHoMy Jin TypOyleHTHOrO NorpaHHunHoro culoa: Ux, ~ log y. 

B Halld ypaBHeHHs BOUIN Oespa3MepHble MOCTOAHHbIe, KOTOPbIe JOJKHbI 
6bITb OMpeneeHb! H3 onbita. TlocrosHuple B u Bi, BXOAAMHe B ypaBHeHHsa (2) 
vw (3) qa Ri u Sie, B (7) OblIM ONpeweeHbI Ha OCHOBAHHM U3sMepeHHu Jlolice- 
pa (*). I]pH 3ToM MbI Nob30BaJIHCb TObKO U3MepeHHAMM CpemHuXx CKOpoctelt U; 
H BTOPbIX MOMeHTOB R;;, KaK Ooslee HayexHbIMH. Bpiio nomyaeHo B = Bi = 10. 

Jlia onpeqeienua MocTOAHHbIX & M Bes B ypaBHeHuax (12) u (15) nia Qu C; 
Mbl BOCHOJIb3SyYeMCA pe3yJIbTaTaMH Tex 2%e H3MepeHHH. IlocrosHHyio Be MOxKHO 
OMpeesIMTb C MOMOMIbIO paBeHcTB (12) u (18) mo TaHHbIM, OTHOCALIMMCA K ce- 
peMHe MOTOKA, COBepleHHO Tak 2Ke, Kak B (?) NocTOAHHaN Bi ONpenelAach Ha 
OCHOBaHMM ypaBHeHHa 9Hepruu (2a). [locrosHHaa & pH 9TOM BbiNamaer. B pe- 
3YJIbTAaTe C YLOBMETBOPHTeJIbHOM TOUHOCTHIO Nosyyaetcs: Be == B. Tlocrosunasn &. 
OlpelesneTCA, C [pyro cTOpoHbI, 43 Toro »%e ypaBHeHua (12) no aHHDIM, 
OTHOCALIMMCA K TYpOysIeHTHOMY NorpaHHuHomy csiolo. IIpu stom nosyuaerca 
a <= 3,3. Takum oOpasom, B Halll ypaBHeHHA BXOJAT, B CYLLHOCTH, TONbKO Be 
MMM pHueckHve NocTosAHHble: & = 3,3, B = 10. Ina Oonee TOUHOTO UX ONpere- 
JI@HHA HW BOOOMe AIA SConee NOHO MpoBepKH CaMHX ypaBHeHH 2KeNaTeJIbHbI. 
CMeWMaJIbHble OMbITHI. . 


Uuctutyt cbusuku Seman um. O. 10. Umuyta Tlocrynuno 
AKanemun Hayk CCCP 27 VI 1960 


IMTHPOBAHHASA JIMTEPATYPA 


15. HW. Zasuyos, JAH, 127, 768 (1959), *? 6B. W...apugos, JAH, 127,. 
980 (1959). % 7x. K. Batuenop, Teopua onnopognoi typ6ynentuoctu, 1955. 
4J. Laufer, NACA Rep., 1174 (1954). 
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, JWloknxann Akagemuu nayrk CCCP 
1961. Tom 136, Ne 1 


THUPOMEX AHHKA 


A. HW. CEKEP)K-3EHbKOBHY 


K TEOPHH CBOBOJHbIX KOHEYHbIX KOJIEBAHHK 
NOBEPXHOCTH PASHEJIA ABYX HEOPPAHHYEHHbBIX 
TAKEJIBIX DKAAKOCTEH PA3HbIX MJIOTHOCTEH 


5 (ITpedcmaenexno akademuxom B. B. Ilyaetixunom 16 VII 1960) 


Pacemotpum MJIOCKOe J[BUXKCHHE HEOTPaHHyeHHOw UfeasIbHOW HeEC}KHMaeMOH 
TAMKENOH MKUIKOCTH, COCTOAMLeH U3 JBYX CJIO€B pa3sHOH MJIOTHOCTH HM pacnouio- 
2KCHHBIX OMHH Ha ApyrumM. O6o3HayuM MJIOTHOCTh BepXHero CJIOA Yepes p,, 
ia HM2KHEPO Yepes P, (Pp, < fy). JLamee y BCeX BEJIHUHH JIA BepxXHero cIOA Oyem 
CTaBHTb NepBbIM H¥2KHHM HHeKcoM |, a Avid HUMKHErO CIOA MHeKc 2. MI u3yun- 
AM ABYMepHble CBOOOLHbIe KOHEYHbIe KOJeOAHHA MOBepXHOCTH (MH) pasqena 
M@xK]y OOOMMU CJIOAMH PacCMaTPHBaeMOH WKUAKOCTU V 30eCb KpaTKO U3araem 
MOJY4eHHbIe HAMM pe3ysbTaTH!. [Ipu sTOM MbI OOOOLaeM MeTO pelleHHA Cc MO- 
MOULbIO MepeMeHHEIX JlarpaHoKa, IPHMeHeHHbIM HaMH, HanpuMep, B padotax (1) 
(IA Cy4an CTOAYeH BOJHbI Ha NOBEPXHOCTH OAHOM TAxKeION 2KAZKOCTH Kak KO- 
aeuHOH, TaK MU GOecKOHeuHOH ruiyOuHbE!. B u3sBecTHOH HaM JIMTepaType MBI He 
BCTpeyanu paOoT c pellleHHeM paccMaTpHBaeMOH 3ajlauH. 

B mujockocTH TeueHiA BbIOMpaeM MpAMOYTOJIbHYIO CHCTeMy KOOpmzHHaT «Oy; 
Ich Ox COBMECTHM C MIPAMOW TOPH3OHTAJIbHOH JIMHHeEH pa3syema OOOMX C0eB 
3 MIOKOAINIEMCA XKHIKOCTH; OCb Oy HallpaBUM BepTHKaJIbHO BBepX. 
_ Pemaem 3amagy B MepemenHbix JlarpanxKa a, u 6b (i = 1, 2). Vimem 
tz (az, b, t), yz (az, 6, t) — KOOpAMHATHI MHAMBULyabHOK JBUKYyNeHCA YaCTHIbI 
8 OOOMX CNOMX xw*UEKOCTH, dyHKuMN Q; (a;, b, ft), CBA3aHHbIe C JaBeHHeM 
& (az, 0, t) dopmyoh Q; = — p,/p: — gyi, THe g — yCKopeHMe CHJII T=2Ke- 
TK. T peGyem, yToOnl npn ¢ = 0, T. e€. B HauvaJIbHbIM MOMeHT, a C/leJOBaTEJIbHO 
30 BCe BPeCMA JIBHXKCHHA NOBeEPXHOCTH (JIMHUH) pa3zyesa oTBeYaIO 3HayeHHe 

= 0. Cuuraem, uo a; 4 b aBAIOTCA B Ka2K JOM CJI0€ KPHBOJIMHeEHHBIMM KOOpH- 
iaTaMH WaCTHIL %KMAKOCTH B HavaJIbHbIM MoMeHT. IIpH 9TOM MycTb JIMHHH 
4 =const ABAAIOTCA TIpAMbIMH, MapasenbHDIMM ocH Oy; muHHH b = const 
fycTb OyyT KpHBbIMU, OCOpasy10NIMMU BTOpoe CeMeHCTBO JIMHAM KOOpAMHAaTHOH 
eTKM, HMeCIOUIMMH HeH3BeCTHYIO 3apaHee (pOpMy B Ha¥aJIbHbI MOMeHT. 

Tlonaras, uro npu ¢ = 0 ypaBHeHus Broporo CeMelCTBa KOOPAMHATHBIX KPH- 
BIX B OOOHX CJIOAX HMeIOT BUT 


ye = 5 + fa (%4, 4), (1) 


ne f; (x;, 6), Mo ycNOBUIO, HeH3BeCTHbIe HCKOMbIe (PyHKIMH, Mbl, OYeBHLHO, 
OJRKHbI MoTpeOoBaTb BbINOJHeEHHA CJIeLyIOUMX HayaJIbHbIX YCOBH MmpH 


| Xi (a;, 6, 0) = aj;' “y; (a7, 6, 0) = 6 + fr (Gz, O). = (2) 


Ha nopepxuoctu (muHHM) paszeia npH 6 = 0 AOMKHEI yNOBJeTBOpATLCA 
ee iyromme TpaHHyHble yCJIOBHsA. 
_ Bo-nepBbix, OMKHO coOm0JaTbCA PaBeHCTBO JaBJeHHH 


q pi (a1,.0, t) = pe (a2, 0, ft). (3) 
a7 of 


Bo-BTopbIxX (KHHeMaTHYeCKOe YCJOBHe), YaCTHItbl! OOOHNX CMOeB AHAKOCTH 
He MOFYyT CXOJMTb IPH JBHXKEHHM C TOBEPXHOCTH (JIMHMH) pasgea, WIM, HHaNe, 
TOUKH MOBEPXHOCTH pasfela BO BCe BPeMA IBMXKeHHA NpMHaiexKaT OOOMM 
CNOAM MKHJIKOCTH, T. €. TpeOyeM, 4TOObI 


Xi (annOP ree (aa, Orr): (4) 
yi (ai, 0; 1) = Yo (a2, OF 7). (5) 


Ilpu yRoBieTBopeHHH rpaHH4yHbIM yCJIOBMAM OKa3aJIOCb, 4TO Hao CYHTATb 
nepeMeHHbIe Qi HU a2 Ha MOBepXHOCTH passeda, T.e. pH b = 0, CBxA3aHHDbIMH 
MexKLy COOoH MH 4YTO 9Ta CBA3b M€HAeTCA C TeEYeHHeEM BpeMeHH. 

Mobi vuem crosuve KOJeOaHHa, XOTH HM KOHEYHOH, HO MaJION aMIMIMTYLbI 
¥ Malo OTMMGAIOMNIMeCA OT KONeSaHHH JMHeHHON Teopun. Ilosromy BBOXMM MaJIbIii 
TlapaMeTp & HM JleaeM 3aMeHy, NOJIO*KUB 

p= Op eS, Up = ae, 
fi = ey, Q = eG (i = 1, 2); 
anech &; (a;, 6, t, ©), n (az, 0, t, &), 12 (i, 0, &), Ge (Qi, 0, f, &) — HOBbIe UCKO- 
ble yuku. Jia sTux *yHKUM 3 ypaBHeEHHH THApoAMHaMMKA Mouyuaem 
juddepenwMabHble ypaBHeHHA 


OF df da, ' 02 da, senda ) 
om; pee a, | Om, OM, +1) 7) 29, | 
Sr 8) Se Bp eR ae ope |= ! (7) 
Ceeuried bya ies pees df; O(n, + ,) 
fara eee Ba, ce Dk des ol a eee 


Hauasbuble ycoBun (2) mpumyT BL: 

& (a, 6,0, 8) = 0, 1% (a, 5, 0, 8) = 0. (8) 

JliA yRoBIeTBOpeHHA rpaHH4HbIM yCIOBAAM MosaraeM, YTO Ha MOBepXHOCTH 
pasylena | 


q&=a-+ev(at,s), a =a+ev(a, ft, 8); (9). 


3feCb @ — BCIOMOFaTeJIbHbIM Mapamerp; dyHKUHH ! HW V ABJIAIOTCH HeH3BECT 
HBIMH HM OMpeyesi0TcA H3 TpaHHUHbIX YCNOBHA UH U3 TpeOoBaHHA . 


(a, 0, 8) =v (a, 0, 2) = 0. (10) 

Canta, YO Ha NOBepXHOCTH (MMHUM) pasqena x1 = x2 = a, MpescTaBrseM| 

rpanuyHple ycnosus (4), (5) u (3) B Bure: | 
ay -- efi (ai, 0; t, &) =a)” ay eke (aa, 00, ei; (11 

m1 (az, 0, t, ©) + 71 (ay, 0, &) = mp2 (a2, 0, t, &) + ye (ae, 0,8); (12)) 

p1{qi (a1, 0, ¢, ©) + g ly: (u, 0, 8) + m1 (au, 0, 4, 8)]} = | | 

= p2{q2 (ae, 0, ¢, 8) + g [ye (a2, 0, &) + m2 (de, 0, ¢, 8)]}. (13) 


PeuleHwe JIMHEMHOH 3aa4uH HMMeeT BH 
KD Gs 


gio = Dy Sin Kyaye—*" sin oft, Ey) = — oa EOS K aye—* sin ot, 
oe = sin Kyaye-*b2sin of, 19 = 0,1 to = Es cosK,asinot, | 
Goo. = Day Sin KyazeXlsin ot, Es = — — cos Kydse%’ sin ot, l 
ee a sin KyageXisin ot, Yo =0, vy = Nara! cos K,a sin ot; | 
Doy = — Dy, Ky =o eee, (15) 


52 


3heCb S — 3afaHHasl YacToTa KowleOaHHh; Dio = const — db¥KCHpOBaHHas KOH- 
craHTa. 

. Jlyeth K = 2n/L; L — nepuoy no nepemenupim a;. Ip pemenun nenuneli- 
Hol 3ayauu paccmarpuBaem K = K (G, €) Kak HevspecrHyl0 dbyHKUHIO, ompe- 
AeIAeCMY!O B XOfle PeWeHHA 3aayH HU YOBJETBOPAIONLYIO YCJIOBHIO 


lim (K — Ko) = 0. (16) 


| Mobi roka3pipaem, TO B pe3yJIbTaTe pHXOMMM K CueLyrollel MaTeMaTHyeckKo 
sayaye: 

_ Onpenenuts dynKuny qi, £, Ni, Yi, tt, V (i = 1, 2) Koncranty K = K (0,8) 
Tak, 4TOOBI: 

1) YAOBJIETBOPAHCL WudpepenuMalbuble ypaBHeHus (7), HawasbHbIe ycso- 

Bua (8), (10), rpaHuunpie ycropua (11), (12), (13); 
_ 2) MCKoMbIe PyHKWHH ObIVIN ObI MepHomHueCKUMH M0 a1, a2 H aC NlepHOOM 
L = 2n/K, nepwoyuueckumn mo tc nepvogom T = 2n/o npu o — 3alaHHod Mpo- 
HSBONbHOM BeMUMHe, OPpaHHYeHHEIMH MpH b — + co WA BepxXHell XUKOCTH 
H mupH 6 > — oo WIA HHKHeH MKULKOCTH; 

3) HCKOMBIe (byHKIMH M KOHCTaHTa mpu € = 0 npHHumasm sHayeHMa, OTBe- 
yalollve IMHEHHOM 3azaue (MMeIOT OLHHM HHJeKCOM HYJb) H ONpememsemble dbop- 
myuamu (14), (15) nu (16); 

4) yHKUMH gi H gz YROBeTBOpANM Obl yCJIOBMAM HOPMUPOBEH, T. e. pas- 
HOCTH 91 — io HK G2 — Geo CosepxKasmn Onl BEIpaKeHuaA Mi sin Ko are~* sin of 
mM Me sin KoazeX? sin of TombKo pu ycoBun pi1Mi = M202; byHKuun yz (az, 6, &) 
Obl Obl TapMoHHYeCKHMH TIO a; H 5b; dyHKUMH gi He coxepxKanH Ob! 
enaraempix D’ + D’f (t), ecnn D’ u D” — xoncrantol (3TH yCJIOBAA HECKOJbKO 
(OpMaJIbHE!, HO 3aTO OOecHeyHBalOT JOCTATOUHY1O CHMMETPHIO HM CJMHCTBEHHOCTh 
pellienu sa); 

5) JBHXKeHVe XKMIKOCTH B KaKJOM H3 CJI0eB ObIvIO Obl C MOTeHWMaOM CKO- 
poctei; 

6) dyHKkunu £1 u € oOpaulaiuch Obl B HYJIb IpH ai = az = 2/2K uM m0ObIXx 
3HaueHuaAX b, tu €; 06a apryMeHTa Qi Hi 2 Ha JIMHUN pasgesa (b = 0) NpHHnmManH 
SbI OOmlee 3HaueHHe n/2K px a=n/2K vu moOvtx fu & (B CHuTy NepHoxMaHOCTH 
3TH YCJIOBHA BbINOMHAIOTCH H upHh a=a; = dx/2K). 

Ycnosue 6) oGecnewHBaeT OTCYTCTBHe MepeHoca %KMAKUX MaCC BIOJIb OCH 
Ox, T.e. u3y4aemble KOJIeOaHHA OyAyT THNa CTOAYMX BOVJIH. 

IIpu pettienun 3ayaun Mbl HIleM (pyHKUMH H KOHCTaHTy B BUe CTeMeHHbIX 
panoB no &. IloKa3bIBaeM BO3MOXKHOCTh ONpeseeHvA JOOoro MpHOIMKeHHA. 
(Ip mocrpoenuu pelleHus, uroObI U30€KATb BEKOBbIX CJIaraeMbIX, MbI e1aem 
aMeHY MepeMeHHbIX: 0, = Ka;, a’ = Kau b’ = Kb. 

TIpHBOMHM pe3yJbTATbI BLIYHCJIEHHA MepBbIX Tpex NpHOmMKeHUH. 

imeem} 


_ S(pates) y poo? (Pat pile ter)  (, _ , Diy (p2-+ en) 
oe 'P (p2— pr) rs 4 g8 (P2— 1)? sb g aa of 


IlonowxuB 6 =O B BbIPaKeHHAX XX; HM Y;, UCKJIIOUNB Q;, MbI NO yyaem Mpu- 
WIM7KeHHOe ypaBHeHHe MOBepXHOCTH (JIMHHM) pasela 


: ‘ pia , Pee es (O21) Pats. 
Yi (Xi, €, is == (Sih xy, Sitk of rear cos 2x; sin? of. + 


4-25 - SOS {L(7p; + 7p5 =F 10pip2) sin Xi St 


patel 100s Pea oi ORa) Sitti oXploSilL Ot. > 
[+ [2 (p; + ps — pips) sin x; + (8p, + 3p; — 10p,p2) sin 3x;] sin 307}; (18) 


we stom K = 1 wu o wago onpexenuth u3 (17). 
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B 3aks10ueHHe yKaxKeM OCOOCHHOCTH H3YYCHHbIX 3J[eCb HeJIMHeMHbIX KOJe- 
6anui, BbITeKaIOUIMe U3 aHaM3a MpHOMM*KeHHIX POPMYJ H U3 NOJHbIX-PpANOB, 
ylaloulux pellieHve. 

1. HenoxpuxKHbIx y3J10B HET; y3JIbI IMHeHHOH BOMHEI x; = Ou x; = x (i=1, 2) 
JIBXKYTCA B MepBOM NpHOsM2KeHHU COOTBETCTBEHHO M10 3aKOHAaM X; = 1/56, sin of, 
x; = m —4/e6, sin of, rme (92 — 1) 0 = Co. +91). GTO ABHKeHHE MpOHCXOLUT 
BO/Ib HEKOTOPOM HavaJIbHOH KPHBOM (cM. CBOiicTBO 4)). 

2. OkcrpeMasbuble aMMuTyZbI (ysHOcTH) OyqyT B TOUKAaX x; = 1/2 (rpe- 
Geub), x; = 3n/2 (pnaquua) (i = 1, 2) u mpu t = m/20. B sTux TOUKaXx HaxosAT- 
CA OHM HM Te 2%Ke YACTHII HKUAKOCTH, KOTOPble COBEPLMalOT TOJIbKO BEPTHKaJIbHbIe 
KomeOaHHua. 

3. OpauHatb rpeOueli MHHM pa3fesia OoMbUle OPAMHAT BMAaIMHbI M0 adco- 
JMOTHOH BeIMuMHe — KpHBad JIMHHA MOXO*Ka Ha TPOXoMsy. 

4. IIpn ¢ = 0 ypaBnenve MHMM pasyela IpHOmWxKeHHO MMeeT BHT 


yi = 6 (Eos cos 2x; + Ezaz cos 4%). 


Tak Kak Eou=-0 u Fos. — 0 UM BBULY MpOH3BOJIbHOCTH HauaJIbHOrO MOMeHTAa 
BPeMeHH, JIHHHA pasyevla pH CTOAUMX KOJleOaHHAX HUKOMa He paciipAMJAeTCA. 

5. Uacruubl 2*KWLKOCTH, HaXOJAIMecA Ha JIMHHM pasqesa, ABHXKYTCA BAOJb 
STO JIMHMH; MpHyeM uaCTHIbl BepXHeH HW HWOKHEH 2KMAKOCTH JBUKYTCA B Ipo- 
THBOMOJIOMKHbIC CTOPOHLI. ITO BLITeKAeT H3 BbIPAXKeHHU @; Yepes aM ft Ha JIMHHH 
pasyena. ; 

Jloka3aHa BbIMOJIHUMOCTh B J060M MpHOMxKeHHH IMYHKTOB 5) Hu 6) OCHOBHOH 
MaTeMaTH¥ecKoH 3ayauH. 


Mopekok rugpopu3snyecKHH HHCTHTYT Tlocrynuio 
Axayemun HayK CCCP 14 VIT 1960 
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PHSHKA 


O. W. BPHJIJIb, H. A. BJIACOB, C. MN. KAJIMHHH u JI. C. COKOJIOB 


CEYEHME PEAKIIMM (n, 2n) HA C®, N14, O18 HF 
B WHTEPBAJIE 9HEPIWU 10—37 Mop 
\ (ITpedcmaeaeno axademuxom A. II. Aaekcaxdpoesim 8 VIT 1960) 


Peakuua (n, 2n) ABJIAeTCH OCHOBHbIM Mpomeccom Heynpyroro B3avMojel- 
CTBHA HEHTPOHOB CO CpeHHMH H TAXKENLIMH ALpamMu pH sHepruu 10—30 Mop. 
XoOf CeYeHUA PeaKIHH B STOH OONACTH yAOBJETBOPHTebHO ONMCbIBaeTCA CTATH- 
CTHYeCKOH TeOpvel spa. OTHOCHTeIbHO xofa ceyeHHA peakuNi (n, 2n) Ha ser- 
KMX A[[pax BOMpOC 3HaYHTeJIBHO MeHee siceH. CTaTHCTHYeCKad TeOpua Apa 3ecb 
COMHHTebHa, pacueTa MPAMBIX IIPOMeCCOB HET, peaKIWU Cc HCMycKaHHeM 3apA- 
YKCHHBIX YAaCTHI Oovlee BEPOATHEI, NOSTOMY TeOpeTHYeCKHX MpescKasaHHl O xose 
ceueHHA He CYWeECTBYeT. OKCHeEPHMeHTaJIbHble JaHHble O ceyeHuAX (n, 2n) ecTb 
JIMib Wa asHeprun 14 Msp (1-°) uw TombKo Aaa, peakunu C (n, 2n) CU zo 
28 Mss (°). M3mepenne ceyenuli B oOsacTu sHepruii 1O—35 Msp cBa3anoc 6oub- 
IIMMU TPyHOCTAMH H3-3a OTCYTCTBHA HCTOUHHKOB MOHOSHEPreTHueCKHX HeHTpo- 
HOB. Mexyy Tem 3HaHHe CeyeHui HEOOXOUMO B CBA3H C HCHOJb30BaHHeM peakILHu 
{n, 2n) Ha merkux Afpax B KauecTBe NOporoBoro JleTeKTOpa HelTPOHOB. 

B HacTosieH padoTe mpoBesleHbI H3MepeHHA ceyeHHi peakuwu (n, 2n) Ha 
yeTbIPeX JICrKUX Apax B HHTepBasie 9Heprun 10—35 Msp. 

Jia NowyyeHuA HeHTpOHOB HcMOb30BaIuch peakuHH D (d, n) He® u 
T (d, n) He*, Bo36yxaBuiveca JelTOHaMN c sHepruel oKOT0 20 Mas, ycKopex- 
HbIMH Ha WHKsoTpoHe Muctutyta atomHol sHepruu AH CCCP (’). M3menenne 
SHeEPprHH HeEHTPOHOB OCYIIeCTBIANOCh MyTeM TOPMOXKeHHA JeHTOHOB B MwWaTH- 
HOBbIX (OJIbraxX, YCTaHaBJIMBaeMbIX HeMocpeCTBeHHO Mepe MHWeHbIO. B pa- 
OoTe UCHOb30Baacb TBepfaa T + Zr MuuIeHb H ra3000pa3Han JleHTepueBan. 

Ilpu OomOapaupoBKe JeHTepuA WH TpHTHA ObICTPpbIMH AeHTOHaMH, Kpome 
OCHOBHBIX MOHOSHEpreTHyeCKUX TpylM HeHTpOHOB, OOpa3syloTcA TakxKe HeH- 
TPOHBI CMVJIOWIHOFO CHeKTpa B pe3sysbTaTe peakuni (d, pn) u (d, 2n). MuTencus- 
HOCTH CIVJIOWIHBIX CIEKTPOB B HECKOJIBKO pa3 IIpeBOCXOJAT HHTCHCHBHOCTH MOHO- 
9HepreTHYeCKUX FpyNN, a rpaHUlbl HX HaXOAATCA NpHOMM3UTeIbHO up Ey ~ 

_~E£Eq4—4 Mss (8). Yraospie pacmpeseieHut HeHTPOHOB JOBOJIbHO  ObICTpo 
cnaqaioT ¢c yriomM. Onpesemenve ceyeHul peakunu (n, 2n) cBA3aHO c HeOOxogH- 
_ MOCTbIO M3MepeHHH aGcOJIOTHbIX HHTCHCHBHOCTeH IOTOKOB, CIIEKTPOB H yrvio- 
BbIX pacnpeseseHHH HeEHTPOHOB, OOpa3sylouluxcA mph OoMOapAMpoBKe elTepus 
M TPHTHA TeliToHamu. Takue u3MepeHHaA OblIM MpoBexenb! PpiOakoBbim HU CoKo- 
JIOBbIM IPM MOMOULM CieKTpOMeTpa HeiTpOHOB MO BpeMeHH Mposeta (*). B auH- 
'vepaType JaHHbIX O CleKTpax M MOTOKaxX HeHTpOHOB AIA peaxuui D (d, n) 
_¥ T (d, n) mpu Fa > 10,5 Msp He umeetca. 
J|A CHATHA KPMBbIX OTHOCHTeIbHOrO BbIXOMa peakUMi (n, 2n) MpH pasHbEIx 
_ 9HEPrHAX HEMTPOHOB'CHelMaIbHO MpHroTOBJeHHbe OOpasilbl U3 yrvieposa, a30rT- 
Hokucnoro ammoHua (NH,NO;) u Tedpaona (CF,) oO1yyaiuch HeHTpoHaMu To, 
yrviom 0° B CTaHJapTHbIX YCOBHAX, H HX AKTHBHOCTb H3MepAJaCb No B-gacTu- 
mam Ha cueTunke Tetirepa. Jia kawkoro oOpacwa CHAMasaCh KpHBaA pacnaya, 
SKCTpanosAHel KOTOPOM HaxOWlacb AKTHBHUCTb K MOMCHTY KOHI[a OOyue- 
nua. [pu o61yaenun NH,NO, u Tedsiona axTuBuocty N?%, Ol uv Fl§ napoqusance 
He TOJbKO HeHTPpOHaMU MUUIeCHH, HO UM HeHTpOHaMH M3 NOAMOwKKU. MOH OT Hel- 
TPOHOB HOsMO*KKH cocTaBisa Jo 30% zAna Ot, no 80% ana N'? n no 88% aaa 
} 
F18. Tipu o61yyenuu yraepoga HelirpoHamMu MOAvIOxKKM AKTHBHOCTb Cl mpakTu- 
yeCKH He HaBOJHJAaCb. 
_ A6comoTHad BeM4uHa CeyeHHA peakuHH (n, 2n) Ha yraepoge Obllua onpe- 
\ Wenenanpu Ey, = 34 Msp u ua cbrope mpu Ey = 25 Msp uv En = 14 Mop. Heit- 
‘Tponbr c aHeprueli 14 Mos nonyyensi B peakunu T (d, n) He* ua aextpocratu- 
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yeckoli TpyOKe. JIA OnpekeneHHA aOCOJIOTHOM BeMUHHbI CeUeCHHA AKTHBHOCTb 
CHeIHaJIbHO H3POTOBJCHHbIX OOpaslloB H3 yrulepofa U TeoHa H3MepAaCcb Ha 
refirepOBCKOM CUeTUMKE M0 aNHHTHJALMOHHBIM Y-Jy4aM B yCJOBMAX, KOTAa BCe 
TO3HTPOHEI TOPMOSHJIHCb BHYTpH OOpasua. AOcouOTHaH 4YyBCTBHTEIbHOCTb 
cueTunka y-syuel onpeleiasach yTeM W3MepeHHA Y-aKTHBHOCTH Npemapata 
Aul®§, adcomoTHaA 8-aKTHBHOCTb KOTOporo ObIvla u3MepeHa Ha YyCTaHOBKe 
C OMpeevieHHEIM TesecHEIM yruiom. UyBCTBHTebHOCTh relirepoBcKoro CueTUHKa 
K AHHUTHAAIMOHHDIM y-syaam u y-syyam, Au'®* (0,411 Mop) Oblma npHHata 


0 
10 15 20 Goi Ne st) 35 Mab 
Puc. 1. Cevenne peakunu C}2((n, 2n) Cl. Puc. 2. Cevenne peaxunu N14(n, 2n) N®. a — 
a — J\anuble (°) manupie (1), 6 — (7), @— (*) 


omuHakoBoH. AOcouOTHaA BeIMUHHAa CeYeHHA AIA a30TAa U KUCTOposa ompeyle- 
JieHa IYT€CM CpaBHeCHHA Ha CILMHTHJIAWMOHHOM C¥eTUNKe ' aHHHrHJIAWMOHHOK 
Y-aKTHBHOCTH OOpa3syoB 43 NH,NOs u Bogbl C Y-aKTHBHOCTbIO TaKOFO Ke NO reo- 
MeTPHH OOpasia H3 yruiepogqa. OGsyueHue HU U3MepeHHe AKTHBHOCTH OOpa3lOB 
MIPOBOJHJIMCb B OMMHAKOBbIX YCJIOBHAX. 

Ha puc. 1—4 npupesenbi nosyueHuble pesyibTaTbl. A6comoTHas Wkaa ceye- 
HHH yCTaHoBsieHa C TOUHOCTHIO + 30%. OTHOCHTeIbHBIM XO] KPHBbIX MOJ1y4eH 
ycpeqHeHHeM HeECKOJbKUX Cepui OOsyueHHH. BepTukaJIbHble OTpe3sKH y TOUeK 
MOKA3bIBaloT CpeHHe KBapaTHYHble OTKJIOHCHHA Pe3YJIbTATOB OTJCJIbHbIX Ce- 
pu. Crpeikamu ykKasauHbl noporu peakunii (n, 2n). BeptukabHo MyHKTHpHOH 
JIMHHeH Ha OCH aOciMcc OTMeYeHAa OOIACTb Nepexofa OT HEHTPOHOB, MO yyaeMblx 
v3 peakunu D (d, n) He’, k Hefitponam us peakunu T (d, n) He*. Kpuspie qua 
yruiepoqa WH KMCNOpOa NOMYYeHLI NpakTHYeCKH C HEHTPOHAMH OAHOH peakilHl 
T (d, n) He*. Peakuuu (n, 2n) Ha a30Te u dbrope oTM4aloTcA Oolee H3KHM 
NOpOroM, HM B OTHOCHTeJIbHOM XOJe UX CeYeHHA BO3MOKHA MONOIHNTeIbHAA 
olluOKa, CBASaHHAaA C Nepexogom oT peakuuu D + D x peaxunu D + T uc no- 
MpaBKOH Ha sd@dekT OT HeHTpoHOB cnviomHOrTO cneKTpa. JlaHHble Jia as0Ta 
N* 3ameTHo rpy6ee, 4em OCTaJIbHbIe, TAK KAK aKTHBHOCTb N}3, umeroulad Masbiit 
BbIXOJ, H3MepANACb B MPHCyTCTBHH akTHBHOCTH O! u Ha ypoBHe BbICOKOrO oHa 
OT NOAIOKKH. OTJebHbIC TOUKH, MOJYYeHHbIe B Mpebiyuiux paOoTax (cM. 
puc. 1—4), yRoBjeTBOpuTeIbHO CormacytoTCs C HAMM pe3ybTAaTaMH. 

_Ouepreruueckuit pasOpoc HEHTPOHOB BOspacTaeT C TOJIMIMHOM, TOpMO3Ailel 
JMTOHbI WaTHHOBOH OTH, WH AOCTHraeT MAKCHMaJIbHOM BenMUNHDI 0,7 Mos. 
BeueqcTBve Tpy{HOcTeH H3MepeHHi aOCOMIOTHEIX NOTOKOB HeHTPOHOB HM BBICO- 
KOrO YpOBHA OHA OT HEHTPOHOB MOMMOXKKU, a TAK%XKe HEOOXOAMMOCTH YUHTEI- 
BaTb S*PeKT HEHTPOHOB CHVIOWHOFO CNeKTpa NOJIYYCHHbIE Pes y/bTATH! COMepxKaT 
TOBONbHO OobIyIO NorpemmHocTb. MoxHO, ofHaKO, yTBepxKaTb, YTO OOM 
XapakTep 3aBMCHMMOCTH Ce4yeHHA OT SHeEPprHv, H300paxKeHHbIM Ha puc. 1—4 
CIVJIOMIHBIMM KPHBbIMH, ABJIACTCA YHHBepCaJIbHbIM. B wacTHOCTH CMafaHHe ceue- 
HH MOcule MaKCHMyMa B cJlyyae Cl#, N14 y Ol* mMomxHO CUHTaTbh HECOMHEHHbIM. 
Zia peakyun C? (n, 2n) C! nspecrua (2°) penuunna cevenua mpu Ey, = 90 Mos, 


papHaa 22 -- 4 m6. Ha ocnope u3mepennit xoqa ceyenua peakuun Cl? (p, pn) 
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1 i 
i 
fi 
mpesnouaranoch, YTO M ceyenue peakunu C™ (n, 2n) mpakTHueckH He MeHsAeTCA 
B uHTepBasie sHepruii 60—90 Mos. HaOmogenHaa namu TenseHIMA cmasa ce- 


yenua up E, > 30 Mop He ouenb XoOpollio cormacyetca c NpesnouioxwKeHvem 
© Bbixoyle CeyeHHA Ha MaTo UM C BeJIHYHHOH 22 MO,;mpu E, = 90 Mos, ecau He 


TpelnonaraTb O4eHb COXKHOW 3aBucuMocTH s (Ex). 


_ Han6osee xapakTepHol oco6eHHo- 
eTb1o ceyeHuii Ha Anpax C, N*4 u O18 a6 7 


: ¥ Dy 
B6 é 
i 80 
» j 
4 8 b 

40 


8&8 0° wE,—30 35 Mob oly 
. 4 0 15 20: 05 &—~ 30 Mob 


Puc. 3. Ceuenve peaxunun O16 (n, 2n) O18 Puc. 4. Ceuenwe peakunu F!® (n, 2n) /F}8, 
: a — jaune (1), 6 — (4), e@— (3): 


ABJIACTCA MX MAJIOCTb 110 CPaBHEHHIO C MOJIHbIMH CeCYeHHAMH HEYApPYyroro CTOJIK- 
HOBeHHA WH MpHOMH3HTeIbHaA OMMHAKOBOCTb B MaKCHMyMe JIA BCeX Tpex asep. 
B 3Ha4HTeJIbHOH Mepe MaJIOCTb CeYCHHH MOXKHO OObBSCHHTb, BO-IePBbIX, KOH- 
KypeHIMeH peak C HCMyCKaHWeM 3apAX%KeHHbIX YACTHIL, BO-BTOPbIX, TeM, 
4TO IPH HeEYMpyroM CTOJIKHOBeHHH C JIerKAM AJpOM HeHTPOH TepseT B CpeyHeM 
BHAUHTEIBHO MCHDIIYIO JOJO SHEP, YM B TAXKEIOM WIM CpeqHeM Agpe, u 
B030yKNEHHA Apa OKa3bIBaeTCA HEMOCTATOYHO JIA UCHyCKaHHA BTOPOTO HeH- 
tpoHa. TlocmemHee cooOpawkenne No_TBepxaeTcA OMbITHbIMH aHHbImu (1-15) 
06 OTHOCHTeIbHO GOMLUIOH BeEpOATHOCTH BO3Oy2KTeHHA HWKHHX ypOBHeH ampa 
IpH Heympyrom paccesHHH HelTpoHOB Cc sHeprveli 14 Msp uM MpOTOHOB C 9Hep- 
tMeli Jo 40 Mss. HanGosiee BepoATHBIM MeXaHH3MOM peakiuH (n, 2n) Ha erKUXx 
Apax ABIAeTCA TIpAMoe BbILIMOAnHe HeHTpoHa HeHTPOHOM IIpH NMapHOM CTOJIK- 
JOBCHHHM, a TakxKe BbIPbIBAHHE HEHTPOHA HeEHTPOHOM MyTeM MOLxXBaTa, aHaso- 
‘M4HOrO peakuuH (n, d). XoTA cTaOvbHOrO AMHeEHTpoOHA, 0-BHAHMOMY, He cy- 
MecTByeT, Mpowecc NOAXBaTa HeHTpOHAa HeHTPOHOM JOJMKeH MPOHCXOAUTb, Tak 
kak MeKAy ABYMA HeHTpOHaMM JeEHCTBYIOT CHILI npuTsxeHUusA. ITpomece npa- 
“oro BbIWIHO6aHHA MpoTOHa MpOTOHOM c 9HeprHel 40 MaB oTueTIHBO HaGuIO- 
Jaca (4) axe Ha TaKoM Ape, KaK Cu. Ja Oomee TOUHDIX U3MepeHUl ceye- 
qu peakuun (n, 2n) HEOOXOXMMO YJIYUWHT MeTObI H3MepeHHA aOCOJIOTHBIX 
IOTOKOB HeHTPpOHOB H yBeJIHYHTb UX MHTCHCHBHOCTH, YTOObI NPOBOLMTb OOvy- 


feHuA o6pa3iloB B 6o1ee UHCTHIX TEOMeETPHYeCCKHX YCJIOBHAX. 


} - Tloctynusio 
4 IV 1960; 


UWHTHPOBAHHAA JIMTEPATYPA 
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ey, C. M. Class, Phys. Rev., 94, 807 (1954). °V. J. Ashby, H. C. Catron 
it al., Phys. Rev., 111, 616 (1958). 4L. A. Rayburn, Bull. Am. Phys. Soc., Ser, II, 
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Jloxaagp Akagemun nayr CCCP 
1961, Tom 136, Ne 4 


PH3ZHKA 


BAH H-LUi0 u ®. WH. CKPHIIOB 


KOHILEHTPALLHOHHAS 3ABHCHMOCTb MATHHUTHO 
3IKPAHMPOBKH SEP F!° B CHCTEMAX 
KHF, —H,0 HW KHF,— KF —H,0 


) 
(IIpedemaeaeno axademuxom A. H. Tepenunoim 18 VII 1960): 
B 1956 r. I]. M. Bopoguu copmecrHo c O2HMM M3 aBTOpoB HacTOAMe padornl 
UCCJIELOBasl XHMMYECKHe CMeLICHHA JIMHMM sepHoro MarHuTHOoro pesoHancaF”® 
B cucreme HF — H2O ('%); kKonnentpauua HF menamacb B AMamasoHe 


1-99 Bec. %. Kak u3BecTHo (4), pa36aBJIeHHbIe pacTBOpbl Cosepx*KarT Prop B OLH- 
HOUHBIX: Movlekylax HF u monax F- n HF. Koucraursi papyosecua mpu 20° (°): 


yqee (ET) sla 1074: 
R= nase oo s (1) 
pr RAE, (2) 
[HF] 
rae [H*], [F-],...—Monspubie Konnentpanun. VW3mepaemoe Ha ombpitTe 


XHMHYeCCKOe CMeILEHHEe 
(HF) Eye + (FV Ep- + 2 [Hrs ] bur> 


an [HF] + [F-] + 2 (HF; ] 


(3) 


(Sur, §r-, §.— — XHMM4eCKHe CMeIeHHA OTebHBIX TOpComep Kalu X KOMIO- 
2 


HeHT B BORHOM cpene). Ha ocHoBaHuH faHHbIxX fia pacrBopos KF (°) 
Er- = 5,48- 10-4 no orHoulenuto kK 3ilemeHTapHomy dropy. J[Be Apyrve KOHCTaH- 


TbI OCTABAJIMCb HEM3BECTHLIMH; MocKOJIbky, omHako, 2 [HF; ] < [HF], ouenb 
rpyOax ouenka &,.— ~ 5,4-10°* * nosBomuna ocyulecTBATb JocTaTo4uHo TOUHOe 

2 
ompeyetenve Eyr = (6,06 + 0,05)- 1074. W3 3Hauenufi & mpu GComee BbICOKUX 
KOHIEHTpalluAXx Obl CleaH BbIBOX, 4YTO B 3TOM Cly¥ae B paBHOBeCHH IIpHHH- 
MaloT yuacTwe TakxKe WH [pyre MoJeKyJApHble (OpMbI, XapakTepH3yloulMeca 
Ooulee BLICOKOH SKPpaHHpoBKoH sanep F! (mo-BHqMMOMY, KOMMJIeKCbI MOJIeKYJ, 
oOpasoBaHHble 3a CueT BOLOPORHOK CBasH). 

9. 3. Yrancxan, A. Y. Crenananu, M. V4. Bunuux u H. M. Unpxos (4), 
CHOBa HCCJIeqOBaB Ty *%Ke CHcTeMy pH KOHUeHTpauuax HF go 42,5 sec.%, 
MCHOJb30BaJIM TOJYYeHHbIe pe3yJIbTAaTH LIA BbIYHCMeHHA GbyHKIMH KHCJOT- 
HOCTH HM MOJIe€KyJIAPHOrO COCTaBa IWlaBHKOBOH KHCJOTHI. OWHaAKO MHTepliperauua 
ANC PHOPeSOHAHCHBIX JaHHbIX B (°) CHbHO OTJM4aeTCH OT NPHHATON Hamu B (%) 
M BbISbIBaeT BOSparkeHus. Tak, WIA Eup MPHHATO 9KCHEPHMeHTAIbHO HaOvOae- 
Moe XMMMyecKoe cmerleHHe 1a 100% cropucroro Bogopona (6,25-10~%), xors 
MO CBOeMy CMBICJIy B JlaJIbHeHIWeM aHaiM3e Eyr XapakTepH3yeT SKPaHHpOBKy 
(ropa B MoJIeKysle, OKpy2xXeHHOH Bozo. B cBa3u C STHM H3 aHaJIH3a SKCMepH- 


* TIpu pblGope stoi Wuppbl HCNOL30BaHCb 6e3 WeTaIbHOrO anausa 9KCIICpHMeHTaJIbHbIE 
JAHHbIe M0 MOMOMKEHHIO ALEpHOPeSOHAHCHOMO CHTHaJa B KOHWeHTpHpoBaHHom pactBope NH4aHFs2. 
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“MCHTAJIBHBIX JaHHbIX B (°) Oblio MomyyeHO sHaueHve Ey, = 3,4-10~4, mamose- 
| POATHOe C TOUKH 3peHHA OOWMX 3aKOHOMepHocTeli MarHUTHOM SKpaHupoBKU 
sep ropa. 

Urol NoyYTbh AONOMHUTebHbIE BOSMOXKHOCTH JIA HHTepMpeTanun sAep- 
| HOpe3OHAHCHBIX CN€KTPOB MOOOHbIX CHCTeM H, B YaCTHOCTH, CleaTb BbIGOp 
Me?K]Ly JBYMA yKa3aHHbIMH BbIIle BapHaHTaMH MCTOJIKOBaHHA SKCIePpHMeHTAJIbHbIX 
JaHHbIX JIA MaBHKOBOM KHCJIOTbI, HAMH ObIJIO BBITOJIHeHO McceqOBaHue XHMH- 
WeCKHX CMeILeHHH JIMHHM sAepHoro MarHuTHOrO pe3soHaHca F!® B cucremax 
KHF2 — H2O u KHF2 — KF — H:20 np pasmunpix KonneHTpaluax Kommo- 
HeHT. OKCHepHMeHTaJIbHaA MeTOMMKa Obla aHanormuna onucaHHoli B (3) nH no- 
PpeMHOCTh U3MepeHus § cocraBasana mpumepHo 2-10-*, Odpasupi coyepxaucy 
B MOJIMCTHPOJIOBLIX aMMysax. DraNoHoM calyx dpeow 11 (CClsF), Ho sarem 
XHMHYeCKHe CMEIICHHA TepeCuHTbIBaIHCb MO OTHOWeHHIO K 3/leMeHTapHOMy 
«propy. IlomyysenHbie pesysbTaTbl mpHBezeHb Ha puc. |. 


00 a IE ESL Fa 


f 
‘S77 O57 
ay ay 
56 56 
URE ts See 4 0 1 
[KHF,]— [KF] => 


Puc. 1. KontlentpaHonubie 3aBHCHMOCTH XHMHUeCKOrO CMELLEHHA JIMHHM AepHoro MarHHTHOrO 
pesonanca F!® B cuctemax KHF2 — H20 wu KHF2 — KF — H20. Touxu — sxcnepamentanp- 
HbIe WaHHble, JIMHAH — 3HaYeHHA, pacCUYHTaHHble MpH Hcnomb30BaHHH (4). TlomHBIe MOoMApHbIEe 
KOHICHTpallHH BelllecTB B pacTBope: a — [KF] = 0 aes 5,81); 6 — [KHFe] = 1,95; 


6 — [KHF2] = 1,00 


pu HeOOJIbIUIM x KOHUCHTpalHAX B YKa3aHHbIX CHCTEMaX JIMCCOMMAIHtO CO- 


sleH MO%KHO CUHTaTb NOHO, a paBHoBecne HF, < HF + F no-npexHemy 

OnMCbIBaeTCA CooTHOWeHHeM (2). Uro xe KaCaeTCA JabHewero pacnaza HF 

Ha H* wu F” B coorsercrsun c (1), TO OH B aHHOM CJlyyae Urpaer COBepLIeHHO 

BTOPOCTENCHHY!O POJlb. OKCMePHMeHTaJIbHbIe JaHHbIe 1O BOAHbIM pacTBOpaM 

KHF2 (puc. 1a) npu Masbix KOHUeHTpalluax ONOMHAIOT pesy/IbTAaTb! paGorpl (*) 

TaKMM OOpasoM, 4TO Win oNpefeveHHA Eur M &,,— Telepb MOxKHO COCTaBHTb 1Ba 
2 


ypaBHeHua. Mx pemlenne aer 


Ee = (6,03 + 0,03)- 10-4, = (5,81 + 0,03)- 1074. (4) 


Supy 
2 
XO KOHIMeHTpallMOHHOH 3aBucuMocTH &, ormKULaeMbIli Ha OCHOBaHMH (3) ui (4), 

mOKa3aH Ha puc. la cnmowHol mune. HeOoupuioce pacxomyeHve MexkKLy pac- 

YeTHBIMA H 9KCIepHMeHTAJIbHEIMA 3HAYCHHAMM TIP BbICOKMX KOHILCHTpallMAx 

(v. €. TaM, Pile UCXOHbIe MpemnocbIIKU pacueTa, M0-BUMMOMY, ye CTaHOBATCA 

HeIIpHMeHHMbIMH) MMeeT TOT Ke 3HaK, TO H Wa HF B Boge (*). He uckmtoueno, 

4TO B OOOHX CAy4YaAX 9TH pacxo*KeHHA OOYCJOBJEHbI OAHOH HM TOM w%we MpHuu- 

HOM. 

CopepilieHHo TaKHM 2Ke OOpasom u3 (2), (3) u (4) MoxKHO MOACUNTaTb OrmKUMae- 
Mble BeMuMHEI & B TpoliHoH cucreme KHF2 — KF — H2O mpa pasauugnpix 
KOHICHTpaluaX KOMMOHeHT. CpaBHeHHe 3THX BeJIHMYHH C 9KCIMePHMeHTaJIbHO 
HaOtofqaembimu (pvc. 16 u le) aBaaeTca xOpollelH He3aBHCHMOM MpoBepKoii 
MIpaBHJIbHOCTH CeaHHBbIX BbIIMe BLIBOAOB. Corsacve BO BCeX C/iy¥anx ABAeTCA 
BIOMHE YJOBJETBOPUTeIbHBIM, TAK UTO JaJIbHeliiad BapMaluA Napamerpos Eur 


i Sup BPA, JIM OlpaByaHa. 


Takum o6pasom, OTHOCHTeIbHO BeMUMHbI Exp HaCTOAULaAd paooTa MmpHBewa 

‘K OWCHb HeOOJIbINOMy H3MCHEHHIO YHCJICHHOTO 3HaYeCHHA, HE BbIXOAALLEMY 3a 

: ripeneJibI yKasaHHOH pavee norpemocru. Benwumna § .— oKasaulacb axKe Ooulb- 
2 


| we, ¥eM Mpefnonaranoch. SHayenve §,.— = 3,4:10%, mpunsaroe B (°), Tenepb 
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MOXKHO CUUTATb HCKJIFOUEHHDIM; JOCTATOUHO CKa38aTb, UTO OHO MPHBEJIO Obi K pac-- 


YeCTHbIM 38HAUCHHAM XHMHYECKOLO CMEIICHHA, JICKAUMM TaJIeKO 3a MpeesiaMu 


u300paxKaemoro Ha puc. | quamasona *. 
B wacroslee BpeMA HaMH SaKaHYMBaIOTCA aHaJIOrMYHble MCCeMOBaHHA CH- 


CTeM, Cofep2KalluxX COM @aMMOHHA. 
Apropbl BbIpaxkaloT HCKpeHHio10 OlarogapHocTh JI. C. JIummuy,3a oOcyx- 
JeHWe psa BOMpocoB, CBA3AHHBIX C HacTosmMel padoToH. 


HayuHo-HccaeqoBaTesbCKH (pHSHuUeCKHH MHCTHTYT Tloctynus0 
JleHuHrpascKoro rocyapcTBeHHOrO yHUBepcHTeta 8 VII 1960 
um. A. A. )KaaHoBa 


IMTHPOBAHHAS!’ JIATEPATYPA 


1T]. M. Bopogun, VMecnegopanne XHMHYCCKHX CMeILeEHHH H TOHKOM CTpyKTYpb! CHr- 
HaJlOB AlepHOrO MarHHTHOrO pesoHaHca spTopa B page ero coeqHHeHui, ABTOpepepaT KaHAHMaTCK. 
mucceptaunn, JITY, 1956. 2? 11.M.Bopogun, © H. Cxkpunos, Matepnan 
X Bcecorosy. copem. no cnextpockonuu, 1, Way. JIpposcx. roc. yuus., 1957, crp. 78. 
3T1. M. Bopogun, ® HW. Cxkpunos, Mss. Baicu. yye6u. 3apeq., PannopusuKa, 1, 
Ne 3, 37 (1958). 4 ®rop u ero coequnenua, nog peg. JI. Calimonca, 1, 1953. © H. H. Bro- 
ene, T. De, Vries, J. Am..Chem. Soc., 69, 1644 (1947). © 3! 3. °¥ tin nonia a; 
A.Y. Crenauaun,M. WH. Bunuukx, H. M. Uupxos, JAH, 124, 1095 (1959). 
Ree ae ae F. Dravnicek's, M. €. P. Symons, Med>Phys:, 3, 174 
: 


* B nosBHBilelica HezaBHO paooTe (7) aBTOpbl Ha OCHOBaHHH KOCBeHHBIX JaHHbIX IpHxXOLAT 
K 3aKJIIOUeHHIO, YTO Fe < Ep_. OTO 3aksiOUeHHe TakxKe He MOXKET ObITh COPIACOBAaHO C Pe3yuIb~ 
2 


TaTaMH HACTOAMeroO HCCesOBaHHA. 
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Toxrnayp Akagqemun nayr CCCP 
1961. Tom 136, N14 


PH3SHKA 


B. M. BAHOKYPOB u M. M. 3APHMOB 
O CHHEHM OKPACKE AMATHTOB 


(II pedcmaeaexno axademuxom H. B. Beaoeoim 8 VII 1959) 


[Ipupogqa OkpacKH CHHHX amaTHTOB ABJAeTCH lpeqMeTOM AHCKYCCHH. 
Panbuie'CHHHH IBeT HX OODACHAJIM BKJOURHHEM BUBHAHHTA, IPHCyTCTBHeM Op- 
ranwMyeckoro BellecTBa H Ap. Ognaxko XuuTue (!), OCHOBBIBAACh Ha JaHHbIXx 
Jlonbtepa, yTBep2xKal, YTO MOMOOHIe BKJIOYVeHHA He MOryT OOGbACHUTb IBeTa 
anatuta. Jlombtep (*) H Ap., H3y4aad BIMAHNe oO-, B-H Y-sy4eli Ha OKpPacKy KpHc- 
TaJJOB, YCTAHOBHJIH, YTO CHHHM anmaTHT, HarpeTpiii lo 500°, craHoBuTca GeciBeT- 
HBIM, a Noce OOJYYeHHA KATOAHbIMM JTYYAaMH BOCCTAHaBINBAa MepBOHAavaJbHbIli 
I[BeT. 

[Ipuunua nofobuoro aBjenua JloubTepom He OObACHAMACh. OH, OAHAKO, OT- 
Meual, UTO Tea, KOTOPble OOHAPYy2XUBAIOT Pa3sJIHYHYIO OKPaCKy, HMeIOT pa3JIHU- 
Hbl€e XHMMYeCKHE CpesCTBa OKpacKH; MOcJeqHHe, NO ero MHEHHIO, NOL BAMAHHeM 
OOJ1yYYeHHA, HarpeBaHHA UT. I. HCMbITbIBAIOT XHMMYeCKOe H3MeHeHHe. Bmecte 
€ 93TMM OH BBICKa3al TaK2Ke MpenoOKeHHe, YTO H3MeHEHHE OKPACKH MO KET 
B H€KOTOPBIX CJIyYadx OObDACHATHCA C)H3H4eCKHMH H3MeCHEHHAMH, HampvmMep 
MOJ€KYJAPHOH meperpymnmupoBKonH Hu Jp. 

B pe3ysbTaTe MHOPOUHCJICHHEIX XHMHYCCKHX aHaJIH30B CTaIO H3BeCTHO, YTO 
MapraHellcosepxKallMe alaTHTbl HMEIOT pa3sHYIO OKpacky: rouryO6y10, CHHIOIO, CHHe- 
3eeHy!0, (uoueToOBy!1o, posoByro. Ilostomy mpH4uHHy OKpaCKH CTaJIHM UCKAaTb 
B OcOOeHHOCTAX XMMMYeCKOrO cocTaBa anaTuTOB. Tak, Kseuces (*), u3syyax 
cHHMe anaTuTs! Bapytpecka, BBINeIH Tak Ha3biBaeMble MaHrandéesbKepHTbI 
({OKCHaNaTHTbl), MOTOMY 4TO JaHHbI€e XHMHYCCKHX aHaJIH30B KOHCTATHPOBAaJIM B 
HHX HeOCTaTOK OJHOBAJIeHTHEIX AHMOHOB. IlocmeqHee KpBence, B cormacHH 
¢ Pomxepcom :(*), o6bacHseT 3ameHo F, Ha O. Bukman (°), aHamH3supya JaHHbie 
Kpencela 4 onupasch Ha ombiThl Bankca, KOTOpbIi MbITaICA YCTaHOBHTb B ara- 
tutax Mn B 6omee BbICOKO cTeneHH OKUCceHHA, Vem Mn?", npHues K BBIBOLY, 
yYTO B amaTHTaxX MapraHell mpucyTeTByeT Hub Kak Mn?*. 3. B. Bacuabesa 
(°), HCXOAA H3 MpelnoOwKeHUA, YTO B COCTABe MOJYYeHHbIX eto Mn-coxepx aux 
amaTHTOB Jipyrux xpomodopos (Fe, Cr, Cu vu yp.) He OOHapyxKeHo, mpesnouio- 
2a, YTO OKPaCKa aMmaTHTOB 3aBHCHT HCKJIOUHTeJIbHO OT COepxKaHHA Mapran- 
ila, BXOAAUero B HHX B pa3IMGHOM cTeneHH OKHCIeHHA. M3yyas KpuBbie ONTH- 
yeCKUX CHEKTPOB MOPIOULeCHHA, OHA TIpMLIVa K BbIBOLY, YTO CHHHM WBeT anaTi- 
ToB o6ycmoBmeH Mn**, 

AnaTuT Upeyctapaaer co6oi Oessonubit cocdat Tuna M;(PO,)s3 X, rae 
B KauyecTBe M yuacTByer TlaBHbIM o6pa3som Ca**, nHorfa H30MopdHO 3aMe- 
marnmunics Na*, Mg?*, Ce**, Mn?" w ap., B KayecTBe OOaBOUHBIX aHHo- 
Hop X mpucytcrByiot F-, Cl-, (OH), O%, (CO;)*. On Kkpuctannusyerca B 
JIMMMpaMHasbHOM Kvlacce TeKcaroHawJbHOM CHHrOHHH; MpocTpaHcTBeHHaa 
rpynna P6;/m. B anemMentapHoi sueHKe MOHbI KaJIbIMA 3aHHMalOT [Be MO3H- 
unu. OHH 3 HUX HaxoqATca B JeBaTepHolt KOOpAMHAaMH B OTHOIIeHHH 
KHCJOpOqa H paciOsOwKeHbl Ha TPOHHBIX NOBOPOTHbIX OCAX TaK, YTO OCb 
KOOPAMHAILHOHHOrO MHOPorpaHHHKa: CoBlajlaeT C OCbIO C KpucTavwa. J\pyrue 
voHbI Ca2* HaxoOfATCA B WecTepHOH KOOpAMHalHN H pacnosaraloTca BONUS 
TaJIOreHOB, MpH ITOM OCH e*OpMHPOBaHHOrO OKTadqpa He COBMAaawT Cc 
ocbiO € KpucTasua (‘,%). 
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B wutepatype (°~°,’,1°) HeoHOKpaTHO BCTpeyaloTCa yKa3aHHA, 4TO TIpH 
XHMHUYeCCKHX AHaIH3aX anaTHTOB 4“acTO OOHAapyxXuBaeTCA ePuUMT LaslOreHoB- 
10 CpaBHeHHIO C TeopeTHYeCKOH POpMYyMOH. DTO OOCTOATEIbCTBO OOLACHAIOT M0- 
pa3sHomy: mpucytcTBuem Na (!°), 3amemeHHem raloreHoB KuCNOpoyoM (°%,*), 
a MHOFa STOT e*HILMT CBOAAT K HeHAallexKHOCTH XHMMYCCKHX aHasusoB (°,1%). 

B aHHoO paOoTe H3slarajoTCA pe3yJIbTAaTbI aHaAIH3a CNeKTPa 9JIeEKTPOHHOTO- 
1lapaMarHUTHOro pesoHaHca (3.11.p.) B MOHOKpucTaiax anaTuta. M3yuenue cnekT- 
pa JaeT BOSMOXKHOCTh YTBEPKLaTb, YTO CMH WBeT aNaTHTOB OOYCJIOBeH LWeH- 
Tpamu okpacku Tuna F. BecuBerubie H OyleqHO-posoBble OOpasiibl MapraHIeBbIx 
amaTHTOB OOHapy2KuBaIoT acphekT, OOnsanHBI Mn**. Mutepnperayua na6vio- 
JCHHOrO CleKTpa 9.11.p. AaeT BO3MO%KHOCTb 3aKJIIOUNTb, YTO KOHCTaHTa TOHKOM 
cTpykTypb! D npuMmepHo B 4 pasa OoubuIe MO BeJIMYHHe, YEM KOHCTAHTHI CBepXx- 
TOHKOM CTpyKTypbl. AYB = 95 spct. YkasaHHble BeIMYMHbI KOHCTaHT A u B 
CBHJ€TeIbCTBYIOT O TOM, UTO CBA3b HOHAa Mn?* c oOKpy2XeHHeM MpeHMyYIeCTBeH- 
HO HOHHad. M3 cpaBHeHHA HHTeHCHBHOCTeH JIMHHH TMOrIOMeHHA CuieqyeT, 4TO 
Mn?2* merue samemjaeT Ca?+, Haxo_aluiica B TeBATepHOH KOOpAHHalMH. Same- 
mjeHHe aTomoB Ca?+, HaXxOAILMXCA B WeCTepHOH KOOpAMHAaWHH, MpOwCxXoAUT 
TpyjHee. 

AnanM3 CHeKTpa 9.11.p. CHHHX anaTHTOB U3 CO, AHCKHX MeCTOPOKTeHHH T10- 
Ka3bIBaeT, UTO KOHWeHTpalna Mn?*B HHX 3HA4HTEJIbHO MeHbIe, YEM B OeCILBeTHOM 
Mn-anatute. Hapszy co ciaObiMa JIMHHAMM, KOTOpble OOyCJIOBIeHb! HOHAMH 
Mn?+, B CHHHX amaTuTax HaOsIOJeHa HHTCHCHBHAA JIMHHA (HA30BeM ee TvIaBHOH) 
wupHHo ~10 sper. (g\ = 2,003 +0,001 ug, = 2,050-L0,001) c mectbio cate- 
auTamu. Ec nmocTOAHHOe M@rHHTHOe MOJIe NapadebHO OCH Cc KpucTaswa, 
TO CaTeJIJIMTbI pacnOsaraloTcA CHMMETPHYHO OTHOCHTeIbHO PlaBHOH JIMHVN. 

HarpepaHve CHHHX alaTHTOB Ha BO3yxe JO Temnepatypbr ~500° npuBoyuT 
K O6€CILBEYHBaHHIO HX HW HCUe3HOBEHHIO P1aBHOM JIMHHH C CaTeJIHTaMy (Ip 9TOM 
MHTCHCHBHOCTb JIMHHM, OOA3aHHBIX Mn?*, He mMeHseTca). OOmyueHve OGeclBe- 
YeHHBIX HarpeBaHHeM KpHcTa0B B- u Y-sTyYaMH MpHBOAUT K NOABMeHHIO Oel- 
HO-rovlyOoH OkpacKH, a BMeCTe C TeM H TylaBHOH JIMHUH MOPIOWLeHUA C CaTeJJI- 
Tamu. M3 storo (bakTa MOXKHO 3aKJIOUHTb, YTO OKpaCKa KpHCTaNIOB OOA3aHa 
M@rHUTHBIM WeHTpaM, BbISbIBaIOLIHM SppeKT 9.11.p. GABHCHMOCTb NOJIOKeHHH JIM- 
HHH 9.11.p. OT HampaBJIeHHA NOCTOAHHOFO M@rHHTHOYFO NOJIA K OCH C KPUHCTaa: 
yKa3bIBaeT Ha TO, UTO OKPY2KeHHe M@rHUTHbIX WEHTPOB HMe€T AKCHAJIbHYIO CHM-> 
MeTpHIO, OCb KOTOPOH CcoBnaaeT C OCbIO C KpHcTama. 

Bpile YKa3bIBaJlOCb, YTO B CHHHX aMaTHTax OTMedaeTCA HEMOCTAaTOK Fasore-- 
HOB. Mbl npeqnomaraeM. YTO B BaKaHCHW ramnoreHa JIOKAasIM3yeTCA 3JIeEKTPOH,. 
OTBETCTBEHHBIM 3a a:ppekT 9.11.p. ATOMbI raJIOreHOB B alaTHTe pacnOsO*KeHbl BOL 
OCH C KpHcTaa B OKpy2XeHHU Tpex aTomoB Ca**, HaxOJAINMXCA B BeplIMHAaX 
IpaBHJIbHOTO TpeyrovIbHuKa. Takoe pacnomowenne F-leHTpa B pelueTKe amaTuta: 
MOJIHOCTbIO OObACHAeT CBOHCTBA CHMMeTpHH HaGwoOfeHHOrO cnekTpa. Bsanmo- 
jeucTBue /'-lleHTpa C MaTHHTHBIMH MOMeHTaMH Aep ATOMOB OKPyKeHUA MPMBOLUT 
K BO3HHKHOBeHHIO CaTeJIJIHTOB. 

Bce W3JlO%KeHHOe BbIILE MO3BOIAeT 3aKJIOUHTb, UTO CHHHM WBeT anaTHTOB- 
OOYCIOBJeH MOKAaIM3alHeH SeKTPOHOB B BakaHcuax rasoujoB. loka eme He- 
AcHa IIPHYMHA BOSHHKHOBeHHA F-leHTpOB B amaTuTax. MoxkKHO MOslaraTb, UTO* 
MOCJe€qHAA KPOeTCA B ECTECTBEHHOM PaHOaKTHBHOM pacmajle 9JIEMeCHTOB, BXOJA- 


WIMX B COCTdA2B BMECLLaIOUIHX aTlaTHTbI! MOPpOA HW COMYCTBYIOWIUX MMHeEpaJOB. 
Kasanckuli rocyfapCTBeHHBI yHHBepcuTer- Tloctynuo 
uM. B. WH. Yabsanopa-Jlenuna Zoe Vile 1950 
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PH3HKA 
M. A. EXTAP wu B. C. MAXAJIEHKOB 


BJIMAHHE TEMMEPATYPbI HA YIPJIOBYtO KOPPEJIAW MEO 
y-KBAHTOB, BOSHHKAIOUIMX NPH AHHHPHJIAWMH 
MO3HTPOHOB MW JJIEKTPOHOB B BHCMYTE 


_ (IIpedcmaeaexo axademuxom I. B. Kypormosem 15 VII 1960) 


B npegbiqyuye padote (1) Obl mpHBeeHbI pe3y/IbTATbI NO USY4eHHIO yrvio- 
BOH KOPpeJIANHH Y-KBaHTOB, BO3HHKaIONMX IPH AHHHTWJIAWMH NOSHTPOHOB 
IEKTPOHOB B BUCMyTe pH KOMHAaTHOM Temmepatype. M3yyenne sToro ABJeHHA 
1a MOHOKpHCTase BHCMyTa C HMCMOb30BaHHeM MIpeIOKeHHOM MeTOAMKU M0- 
BBOJIHJIO YCTAHOBHTb AHH3OTPOMMIO POpMbI CeyeHHA JHEPreTHYeCKOH MOBepX- 
4OCTH, NepneHAuKyApHoro rmaBHoH ocu KpucTamia. MakcuMasbHad aHH30- 
TpOnMA (opMbl STOrTO CeyeHHA MO ABYM HampaBJIeHHAM, MepMeHAMKYJIAPHBIM . 
“laBHOW OCH, cocTaBAAeT OKOsIO 14%, ac yueTOM BepTHKaJIbHOK PyHKWHH pa3- 
JeEWICHHA, OOYCNOBCHHOH KOHeEYHOM TOJMIMHOM JeTeKTOPOB H HCTOYHHKA, OHA 
2aBHa (N10 BeJIHYHHAM CpeHHX MAKCHMAJIbHbIXx 
IMNYJIbCOB SJIEKTPpOHOB) MpHMepHO 12%. 40 

@MopMa KPHBBIX YrJIOBOH KOppeAIHH MOMKET fp 1 
WITh OOYCOBNEHA PAOM NpHuHH (?) Hu, MO-BH- 


(HMOMY, JOsDKHa 3aBMCeTb OT XapaKTepe B3au- “7 Z ; 
{O,CHCTBHA MOSHTPOHOB C KOJIeOaHHAMH pelter- WC a 
cH. 2 
IIpeqeTaBiaeT MO3sTOMy HHTepec BbIACHHTb 
WIMAHHe KAaK HHU3KHX, TaK M BbICOKHX Temmepa- \ y 
i 


0 
‘yp Ha POpMy KPHBbIX YrIOBOH KOppeAWHH oF 
'-KBaHTOB, BOSHHK@IOULMX MpH aHHHTHJIALHu 3 
lOSHTPOHOB HM S/ICKTPOHOB, a TAKKe W3YYHTb | | 
‘apakTep H3M€He€HHA aHH3OTpONHU topMb! ceye- yy Pay ey RTT 
(MA QHepreTHyecKon NMOBepxHocTH. Huxe mpH- Ui 
RACHbI Pe3YJIbTaTbl TAKOTO .MCCHEMOBAHMA, nue 1. Kpypue yrnonoro pac- 
poBeseHHOrO AIA BuCMyTa mpH 90° K, mpusem npefeeHus Y-KBaHTOB, o6pa3yr0- 
(OJIYUCHHbIe PCSYJIbTATbI CONOCTABIAIOTCA C JaH- miHXCh MpH aHHHrHIAuMH 19, 
IMM, MOYSCHHEIMH JIA BUCMyTa mpH Hanpapienua p= 90". sae 

° 1 300°K; 2=— 90°K 
po” K @). 

{1A mpoBeqeHuaA yKa3aHHOrO UccCTeOBaHHA 
CNOMb3OBaIaACh Ta %Ke MeTOMNKA, 4TO HB pa6ore (1), c TeM OTJIMUHEM, YTO WIA 
D3MOX%KHOCTH UCCIeIOBAHHA pW HU3KMX TeMmepaTypax UCTOUHUK NO3HTpO- 
op (Na) BmecTe c o6pa3iom (Kpuctam Bi) nomemanucb Ha HO cTeKIAH- 
oro jioapa, KOTOpbI ycTaHaBJMBaICA BePTHKaJIbHO Ha TOHMOMeTpHyeCKOM 
fOMKe MW 3aTe€M IOCTHPOBAJICA TaK, 4TOObI OCb CTOMHKA COBMaama Cc OCbIO 
puctamta. 

B TaKoM MOJOx%xKeHHH CHHMAJIMCb KPUBbIe yrOBOH KOppeAWHH Y-KBaHTOB, 
ISHHKAIOULMX TPH AHHHIHJAMMH MO3HTPOHOB H 3JIEKTPOHOB B BHCMyTe, KaK 
PM KOMHATHOH Temilepatype, Tak M MpH Temmepatype xuKoro azorTa. B cayuae 
IMHATHOM TemMMepaTypb! KPMBbIe NOMyuanHCcbh yepe3s KarxbIe 15° noBopoTa KpH- 


tala BOKPyl riaBHO OCH, a B Cyuae HHSKOH TeMnmepaTypbl yepes Kax ble 
)° (puc. 2). 


UMN Mun 
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Ha puc. | mpeycTaBeHbI KpHBble 3aBHCHMOCTH CKOpOCTH cyeTa CoBMayeHHH / 
OT yrula @, XapakTepH3ylollero OTKJIOHeHHe HaMpaBleHHA Y-POTOHOB OT 180°. 
Ha ocu a6cuice OTKIabIBaeTCA He CaM YrOJI G, a BEMMYMHA BEPpTHKAJIbHOTO CMe- 
WCHHA X OJHOFO U3 CILMHTHJIJIAWHOHHBIX CYCTUMKOB OT HyJIeBOrO NOMOKeHUA. 
3uaa pacctosuue L of cueTuHKa JO OCH TOHMOMeTpH4yecKOorO CTONHKAa, JerkO 
onpesemuTb STOT yrom: a = x/L. 
®opmy MOuIyYeHHbIX KPHBbIX MOMKHO XapaKTepH3O0BaTb nosyumupHunon 6/2, 
KOTOPas COOTBETCTBYECT WIHpHHe pacnpefeIeHHA Ha MOJIOBMHE BBICOTHI EO MaKCH- 
mya. B Ta6a. 1 mpuBeqeHb BemmunHEt 5/2 ue- 
90 pe3 Kaxkyple 30° yra opHeHTHpOBKH KpUcTau- 
Jia, MOJIYYeHHbIe H3 KPHBbIX YIIOBOH Kop- 
PeJIALHH, NOAOOHEIX IpHBeCHHEIM Ha puc. |. 
TlorpemHocTb B ONpeqeseHHH MOJIYWIMpHHbI 
coctapaaeT +0,1-10-* paz. 
| Ha puc. 2 npuBeyena nouapHad WMarpam- 
t Ma JIA 3HaYeHHH CpeqHHX BeIMYHH MaKCH- 
a 1g0° + MAvJIbHEIX HMMYJIbCOB SJIEKTPOHOB, BbIparKeH- 
HbIX B eQHHHAax mc(m—macca doToua, 
Puc. 2. Yruiopaa quarpamma adbeK- ¢ — CKOpOCTb CBeTAa). 
THBHBIX ods hs GUNG I MOMEC€HTOB Kak BHJHO 3 JaHHbIX Tao. 1 u puc. pis 
HMIIyJIbCOB' 3JIEKTPOHOB B BHCMYTEe B ; 
naocKoctH 6a3nca. «/ — 300°K, 2 lUpPW BCex OpHeHTMpOBKax KpHcTasIa 3Haye- 
90°K HHA IPPeKTHBHBIX BeJIMYMH, XapaKkTepH3yio- 
UlMX KPHBY!O YIvIOBOH KOppeIAWHH, ApH 
90° K cytlecTBeHHO MeHbIIMe COOTBETCTBYIONLUX 3HadeHH mpu 300° K. Hapagy 
C 9THM, XOTH aHM30TPOMNMA H3MepAeMbIX BeMUHH COXpaHsetca u mpu 90°K, 
MaKCHMaJIbHad BeIMYMHA AHH3OTPONHM mph 9s3TOH TemMMepaType pasBHa 
~ 8%, Torga Kak mpu 300° K ona | 
cocTtaBineT ~ 15% *. B  pa6ote (+) Ta6auma 1 
MaKCHM@JIbHaf aHH30TPONHA paBHa 3uauenus b/2 (10- pan.) | 
mpH6mHu3suTeIbHO 14%. 
Kak yxe.oTMeyasocb B pa6dote(*), 


v, pag. 


CKOpocTh cyeTa copnazenuii / nponop- 7 ~ | 9 | 30 | 60 | 90 | 120 | 150 | 180° 
WHOHaIbHa uvcTy g3ieKTpoHop N c i, 
KOMNOHE€HTOM HMITyJIbCa MO OCH:Z, paB- 90 6 siasls s.s0f.a56. ba 
HbIM Pz, T. €. B TepBOM TIpHOMKeHHU 300 |6,15/5, 62/6, 2817,2 |6,82|5,82/5,95 


MOXHO HallhCaTb 


I (4) = BN2 (pz). 
Fev MCXxolvTb 43 MOJe/IM MeTaJuia 10 SomMepderbay, HMeem (1): 
I () = 8 (Pin — pi), 


Te Pm — MAKCHMaJIbHOe 3HaYeHHe HMIMyJIbCa SJIEKTPOHA (BbIPaKeHHOe B CAH 
HMWaX mc). Takum oOpa3om, | 


B= Daal Dn: 


Heo6xouMo OTMeTHTb, YTO B HallleM Cyyae NoOJyyYaeM He HUCTHHHBIE 3Haue- 
HHA MaKCHMA@JIbHbIX HMIYJIbCOB SJIEKTPOHOB, a 9cpcbeKTHBHBIe. 

M3 anHbIxX, NOJIYYeHHbIX B HacTosule pabore, a Bi Bennunnaf mpH u3y 
YeHHbIX TeMMepaTypax paBHa 


Boos Kine 3,96. 10°, Boe K= 4,3-10°, 


* MaKCHMaJIbHble 3HAYCHHA AHH3OTPOMHM OMpeyeNAOTCA KaK OTHOCHTe/IbHbIC H3MeHCHH 
COOTBETCTBYIOIHX BEIHYHH TpH p= 0 + 180° un tp = 90°. 
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 I[loudlywenHpie aHHbie MOXKHO TOJIKOBaTb C TOUKH 3PeCHHA H3MeHeHUA Xa- 
_paxtepa aHHUTHIALMM MO3HTPOHOB C SJIEKTpOHaMH. CoracHo TeopeTuyeckolt 
; OleHKe, IIpHBeeHHOH B paoote (*), IPH OMpeeCHHIX YCOBHUAX, HAP ALY C WBYX- 
-(poToHHOH annurnasauueli, CYILECTBYET, C HEKOTOPOH BEPOATHOCTHIO, OLHOPOTOH- 
Had aHHUPHJIAWMA, pH KOTOPOH B3aMMOeHCTBHe MOSUTPOHA C 9JIEKTPOHOM B Me- 
Tae MpMBOANT K BOSHHKHOBEHHIO JIMLIb OHOFO Y-KBaHTa, YTO MOXKHO paccma- 
\TPHBaTb KaK HEKOTOPHI Mpollecc, OOpaTHbili OObl4uHOMY borospexry. 
F Okaspipaetca, 4YTO MIpH MaJIbIX 9HEPrHAX MOSHTPOHA OAHOMOTOHHAA aHHH- 
| PHIAWMA 3HAYHTEIbHO MeHee BepoATHA, Yem JByxXcpoToHHas. [Ip 3HayeHuH 9HEp- 
TH MO3uTpoHa nopsyKa 10 m, (m,— Macca MOSHTpOHa) OTHOMIeHHe BepOATHO- 
“cTeH OJHOMOTOHHOM aHHUTHIAUHH K AByxX(poTOHHO MakcuMa>HO. JIA BucMy- 
Ta 3TO OTHOMeHHe COCTaBIAeT OKOIO 0,2. 
' Takum oOpasom, eCJIM IpHHATb BO BHUMaHHe yKasaHHoe sIBJIeHe HM Jory- 
_CTUTD, 4TO MpH HH3KUX TeMMepaTypax, Hapsiy c AByxXdOTOHHOHM, HMeeT MeCTO 
_ompesedtennas JOA OHO*POTOHHOH AHHHIHJIANMH, TO, MOCKOJIbKY KpHBbIe 
_yrloBoll KOppealHy, NOMOOHBIE MpPHBeAeCHHbIM Ha puc. |, CoOoTBeTCTBYIOT pe- 
PMCTpalMM CY¥CTYHKAMH JIMLIb COBNAaawlWlHX MMMNYJIbCOB, BO3SHHKAaIOWMxX TpH 
“LBYX(POTOHHOIi AHHUTMIAWMM, HHTEHCHBHOCTD cyeTa npH 90° K omKHa ObITb 
HuKe. B 9TOM cJlyyae yMeHbUIeHHe OOUIeli NOMLalM nox KpuBoH npu 90° K 
‘10 CpaBHeHHI0 C Toulayb1o npH 300° K osHauaeT yMeHbUIeHHe OOmero UNCa 
‘TIOSMTPOHOB, Y4ACTBYIOULMX B ABYX(*POTOHHOM aAHHUTMIAUNH. OTHOCHTeIbHOe 
YMCHbINeHHe MOWAT WO, yKasaHHbIMH KpHBbIMH pH mepexoye oT 300 k 90° K 
cocTaBiiseT mpumepHo 30%. 

Heo6xogumo JaibHeliiee UCCIeOBaHHe JIA BbISCHCHHA APyrHX BO3MOKHDIX 
TIpPH4HH, OOyCOBIMBAIONIMX TeMMepaTyPpHY!O 3aABHCHMOCTb KPHBbIX YIJIOBOH 
KOppeJIAMMM Y-KBaHTOB MPH AHHUTHIAIHH MO3MTPOHOB H 3JIEKTPOHOB B Me- 
Talax. 
 Baipaskaem OnaroqapHocts A. A. CuupuHosy u M. A. Kpusorma3sy 3a o6cy- 
WK IEHHE Pe3sy/IbTATOB. 


MuctutyT metalmobu3snky Tocrynuao 
Axkanemun nayk YCCP 13 VIL 1960 


WHMTHPOBAHHAS JINTEPATYPA 


eS fs Be ee 


ieee lextap, Bo C. Muxaneukos, JAH, 1383/)Ne G60). ale 1G, 
Lang, Swe Poefiedetti, Phys. Rev., 108, 914 (1957)>. 3 Ay MoAxne- 
wep, B. B. BepectenKkunh, Kpantopaa siextpoxunamuka, M., 1953, 
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PH3HKA 


Vi. M1. 3106 u A. ®. JIYBUEHKO 
K TEOPHH 3®®EKTA MOCCBAY3SPA 


(ITpedcmaeaeno axademuxom H. H. Bozonrwboevum 22 VII 1960) 


Uccnelopanve W3J1y4eHuA M MOTIOWeHHA Y-KBaHTOB ALpaMU, HaXxOMsAILMMH- 
CH B KPHCTasMuecKohH pelleTKe, MpelcTaBiaeT WHTepec KaK AA sAqepHon 
(bU3HKM, Tak M Qa (busuKu TBepforo Tena ('~*). MHTepnpeTawua skcnepHmeH- 
TAJIbHbIX JaHHbIX, MpoBeseHHan B padoTax (1), OCHOBbIBaacb Ha padoTe JIoM- 
6a (5). Mmea B BUY, YTO 9KCNEPHMeHTAJIbHO BOSMOXKHO 3aMETHTb OUCH MAVIBIC 
vsMeHeHusa (10-7 9B) momoxeHHA MAKCHMYMOB CeYeHHA H3YYeHHA (HIM NOrsO- 
INCHHA) Y-KBaHTOB, a TakxKe WCCeqOBaTb (opMy KpHBOH peaOcopOunu, mpel- 
CTABIAeT 3HAUMTeCIbHbIM MHTepec yUeCTb H3MeCHEHHE PABHOBECHbIX NOJOKeHHH 
HM HOPMAJIbHbIX 4¥aCTOT KOMeOaHH peuleTKM B 3aBHCHMOCTH OT COCTOAHMA Apa. 
OueHb BaxKeH BOIpOC O KpHTepHAX, OMpeleAIOUlMX CPOPpMy KPHBOM MHTeHCHB- 
HOCTH H3JIYYeHHA (HIM MOTOWeHHA) HW HaJIM4Hve B CIeKTpe HECMeNLeHHOUM JIMHHM 
Mocc6Oayspa. B Hactosulei pa6oTe paccMaTpHBaeTCA 9TOT Kpyr BOMpocos. 

PaccMoTpHM TBepfoe TesIO, CoMep»Kalllee B KaYeCTBe IIPHMeCH Y-payMOaKTHB- 
Hble Apa; OyemM CUHTaTb KOHILEHTPallvio MPHMeCH MaJIOH H Ha STOM OCHOBaHHH 
HpeneOpexkem B3aMMOJeCHCTBHEM M@KLY MpHMeCHbIMH aTOMaMH. CBA3b IIpHMec- 
HOrO aTOMa C paCTBOPHTeJIEM MOXKET H3MCHATLCA B Pe3yJbTATe TOTO, 4TO Mar- 
HUTHbIM MOMCHT IIpMMeCHOTO Apa pa3/IH4¥eH B 3ABHCHMOCTH OT COCTOAHMA Appa. 
Hanpunmep, B Culyaae (eppOMarHHTHOFO paCTBOPHTeA CYWLECTBeHHA AMNOJIbHaA 
CBA3b AMe€pHOrO Ma@rHHTHOTO MOMeHTa CO CHMHAMH 3JIeKTpOHHOM d-o6o1I0uKK. 
OM KAHLUAX ATOMOB. 

BocnosIb30BaBLUHCb alWa6aTHYeCKHM MeTOJOM, MOXKHO NOKa3aTb, 4TO NOJIO- 
2KCHHA PaBHOBeCHA Aep PaCTBOPHTeJIA HW YACTOTLI HOPMAJIbHBIX KOJIeOaHHH ero 
peuleTKH OyAyT pa3JIMYHbIMH B 3a4BHCHMOCTH OT COCTOAHHA MpMMecHoro aspa. 
IIpw pacuete u3JlyYeHuA WH MOPIOUleHHA ‘Y-KBAaHTOB AjpaMu, HaxO/ALLHMuCH 
B TBEPJOM Tele, IIPHMeM BO BHHMAaHHe 39TH BO3MOXKHOCTH. Tora B aqnadaTH4e- 


CKOM NpHOJIWKeHHH BOJIHOBaA (yHKUMA CHCTeMbI spo -+- pacTBOpuTedb -+- 
-++ SICKTpOMa@rHHTHOe Oe OyeT UMeTb BHA 


Oin.v, = | Noy Si| ns>, (1) 


rye py — BOJHOBaA PYHKUMA Apa MU 3IeEKTPOHOB B COCTOAHHU L: |fs> H | No — 
COOTBETCTBCHHO BOJIHOBbIe (PyHKUMH KoseOaHH pelleTKH M NOJIA M31yueHHa. 
Onepatop S;, yka3biBalomiMii, 4YTO MOuOXKeHHA PaBHOBeCHA Aep pacrBopHTesA 
Pa3sIMUHbI WIA Pa3sIMUYHbIX COCTOAHHH Apa MpHMeCHOTO aTOMa, HMeeT BUT 


Sj=exp {> eae bs) (2) 


re bf, bs — oneparopsi MOpOKLeHHA HM YHHUTOKeHHA COHOHOB; &) — cMe- 
ICHHA Aep B HOPMAJIbHBIX KOOPAMHaTax; MHJeKC S HYMepyeT 3Ha4eHUA BOVIHO- 
BOrO BeKTOPa HM BeTBH HOPMaJIbHbIX KOMeOaHHH pacTBopa. 

Vimes cpynkuuu (1), paccmorpum u3jlyueHve y-KBaHTOB IIpHMeCHBIM ALpow 
mpuH mepexoge /: — lo. Tonp3yscb meroyom Belicxonda — Buruepa (9) nas 
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i Be POATHOCTH nepexoga 1 {n;}, {0} => lo, {ns}, {1,}, Mouyyaem Bbipaxkenne 
| Gi, {n'), (42) (0°) ? = | <lo {n"} {16} | V | 21 {15} {0} |? x 


y T/2 
4 lz — Ey +} (to, , n,— hoo, un) 4724? (3) 
s 


rye 


lo {ri} (10) |V [bs {rs} (0}> = LT] <m{|exp {— i 2 (gobs + af6t)} Si, |n5>s 


“e 
si, = a i ; P — MMNyJipc BblieTatomero -KBaHTa; €; — OPTOHOpMH- 
V 2M ho, N 

“poBaHHble pelieHHsl ypaBHeHHA KoveOaHHH sayep pemwerku; L— syepupiii 
_MaTpHUHbI oeMeHT Ha qbyHKUMAX Yp, Hp,. JA Mpocrorbl MbI NonoKHAn 
Si =1. Ourypypylomas B (3) wHpnHa yposua I, kak NoKa3sbiBaer pacuer, Ipak- 
THUCCKH He 3€BHCHT OT COCTOAHHA PelWleTKH {fs} a, CCMOBATebHO, HM OT TeM- 

“TlepaTypbl H paBHAeTCA eCTeCTBEHHOM WHpHHe BOSOyKMeHHOTO YPOBHA Apa. 
- Cymmupys (3) mo BCeM KOHEYHBIM COCTOAHHAM W ycpeqHAA MO BCeM HauaJb- 
-HBIM, MosyyaemM, aHamornyHo (?,§), MomHce ceueHHe M3yYeHHA -KBaHTOB 


‘oHepruu E 
a. (E) =F ooW(E). (4) 
Sec 


W, (E) =7 Re ae exp {in (E — By) — ty + ge (w)} dis; 
0 


== JEG + din Nsi, (hOs1, — hosz,); 


Be (it) =D) bss, + igen | {Crier + 1) et Rost. Ti, e7 Mest — Bas, — 13s 
: s 
Oo — MosHOe ceyeHve MOTMOMeHHA Y-KBaHTOB CBOOOJHbIM ALPOM B pesOHaHce; 
Eo — pa3HocTb 92Hepruii BOSOy2JEHHOTO H OCHOBHOTO COCTOAHHHM MpHMecHoro 
saipa C yueTOM ero B3aMMOseliCTBUA C SJIEKTPOHAMM HM pacTBOpHTevieM. 

lia yceTanopmenua Buga dyHKunu W, (LE) pasoObem MUHTepBas MHTeErpHpo- 
Banna [0, co] ka mea unteppana [0, vol u [¥o0, co]. Tipu ycuoBny poOmax < | 


B HHTerpase ( ... dt’ (PyHKUMIO g, (t!) MOXKHO pa3JIOKUTh B CTENeHHOH PAL. 


0 
Bsoga o603HaueHia 


. = 
; R. = >i | cay =z isi, 2 hodsi,, Be <7 =>) | Est, a lsh, i (2ns1, mF 1) (hWs1,)°; 


: ‘l , iS 
C. = =>} | Ese, ++ iqsi, |? (R@s:,)°, De = ee | Es, + iqse, |? (2ns1, + 1) (os:,)*, 


TIOMySHM, YTO pH ycJIOBHH 


= @, m 2 
za | Bsis “8 (9st, t (21s1, an 1) ms Ps I, (5) 


Sly 


0 


} oo dea (E — E, + Ry+ 


(E —ES-+ R,)t + ee (6) 
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ie 


———E 


re 


co 


pie, 1) = | Cos aye Py ie eee Tee 


Oo 


Murerpai 


Wi (E) = = Rel exp{in E — Fy) —ey +a. ()} dn =e-O 


J (E —E,)? +124 | 
(7). 
pH yculoBun | 
1 : Spade if . 
my > | Car. ria LQsi, |? (2nsz, - 1) (pmax << ly (8) 
aha Slo 7 
rye 


G@ = >) | Es, + ges, |? (Qrse, + 1). 


Takum oOpa30M, mpH yculopunx (5) u (8) ceyeHHe H3J1yuYeHHA Y-KBaHTOB 
B OKpecTHocTH TOUKH EF = E,) — R. npeucraBuserca B Be KpHBOH, Opicrpo 
yOpipatoleli 10 O6e CTOPOHLI OT 3TOH TOUKH HW He CHMMeTPHYHOM OTHOCHTEJIbHO 
Hee; B TOUKe E = E, HaXOMMTCA NHK HeECMeUIeCHHOM JIMHHH, MHTCHCHBHOCTb KO- 
TOpoi MponopiyMonatbHa exp{— G}. IIpu noppimienuu Temneparypyr W, (E) 
lpHHuMaer cbopMy rayccoBoit KpuBoH c NosywHMpHHoL 2B, (In 2)" 4c MaKcuMy- | 
Mom B Touke E = Ey — R.; wnrencuBHocrb wuHuM MoccOayapa pesKo mayaer, | 

IIpu Hu3KuxX TemmepaTypax, Kora ycmopue (5) He BLINOMHHeTCA, W, (E) 
MpeAcTaBIAeTCA B BUe CYMMbI HaKJaMbIBAIOUMXCHA Apyr Ha [pyra JOpeHWOBbIXx 
KPHBbIX H HMeeT BUI | 


aR 1 
PNY oP: 
pe MeN Ab yay ntn,! [E—E,—fo,, (a, —n,)P +1 2/4 ” (9); 


Ne, Ne 


rye 
as =| Es, + igst,|? (Ms, + 1), Bs = Es, ++ 1Gs0, |? Mer, 


Bxuiaq_ B KoMMoHeHTY MoccOayapa WaeT Ta YaCTb CYMMBI, B KOTOPOH Ns = Ns. 
AnaJlorHunoe paccMoTpeHve BOTpoca O NOFIOMeHHH Y-KBaHTOB Ip mepe- 
xone Jo — Ji WaeT Wa ceyeHuA MOrMoueHuA cllelyioulMi pesysbrar: 


oa (E) =+- 0, Wz (E), (10) 


(oe) 
2 


Wale on- Re | exp {in (BB) ae » aati (u)} du, 


0 


Salt) = D)| bor, igsay |? {(rts1, ¢ 1) es Ege Osh — ng, — 1}. 


Ananu3 dyukuun W, (E) npopogurcs Tak xe, Kak M B Clyyae M3vly4ueHH A 
B rouxe E = Ey HaxoluTcaA HeCMeLeHHad JIMHHA eCTeCTBeHHOM IMpHHbl, 
B TouKe —F = Ey + Ra paciouioxwKeH MaKCHMyM TOM 4aACTH cleKTpa, KoTOpas 
cBA8aHa C TpoleccaMH NopoxKeHuA HM yHHuTowKeHuA PoHoHoB. Kputepuu (5) 
vu (8) ocraiorca TeMH xKe, B HUX CyeLyer TONbKO CeaTb 3aMCHY Gsr, > Ystos 
Msz, — Ost, H Nsz, > Nst,. 

Pacemorpenve BbipaxkeHult (6) u (7) NoKa3biBpaeT, YTO TIpH yueTe H3MeHeHHA 
PaBHOBeCHHIX TMOJOKeHHH Aep HU H3MeCHCHHA HOPMAJIbHbIX YacTOT KoJleOaHUh 
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pellerKu: a) wHHuA MoccOayspa caBuraerca c TemleparypoH Ha BeMUNHY 
AE = >) ns, (hos:, — hos:,); 6) MakcumyMmbl B TouKax E = Ey Reiay Coor- 
s 


BETCTBEHHO JIA H3JYYeHHA M NOromeHua oTcTost or wHHUH MoccOayspa Ha 
2 
paccrosHHe Ria > 2 — SHEprHH OTauH Apa; B) HHTCHCHBHOCTb JIMHUM 


MoccOayspa JOMOHUTeIbHO YMeHbIUaeTCA B pe3yJIbTATe HaJIMUNA CMeNLeHHs 
Es, B BbIpPaKeHHH Jia G. 

B 3akoueHve BbIpaxkaem OlarofapHoctb H. H. Borowodopy u M. B. [la- 
CeuHHKy 3a JMCKyCCHH HM MHTepec K paoore. 


Wuctutyr ®u3ukn Tlocrynuo 
Akajlemuu HaykK YCCP 6 VII 1960 
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Jlorazann Akagemun nayr CCCP 
1961. Tom 136, Ne 4 


PH3SHKA 


B. fr. KAAbILEBCKHM 
K TEOPHH JMCKPETHOrO TIPOCTPAHCTBA --BPEMEHH 
(ITpedcmaeneno wademuxom H. H. Boeoawboevm 20 VIT=1960) 


§ 1. K rumore3se AucKpeTHOro MpocTpaHcTBa — BpeMeHH MbI IIpHeM HaH6o- 
jlee @CTECTBCHHbIM IIyTeM, eCJIH IIpeABapHTeJIbHO- elle pas Npoanamu3supyeM 
HEKOTODPHIe IIPHHIUMMHabHO OOULMe YepTb! ABYX COBPeCMeHHbIX «HEKJIACCHYeCKHX» 
TeOpuii — KBaHTOBOM MeXaHHKH M TeOpHu OTHOCHTebHOCTH. MoxkHO CKas3aTb, 
4TO KOHCTAHTHI C H fi, PUrypHpyloulue B ITHX TEOPHAX, NOABJIAIOTCA KAK «KOM- 
MeHCalluaA» 3a TY MHOpMallMio, KOTOPaA TepHeTCA NpM OTXOJe OT KMAaCCHKU. 
A MMeHHO, C “KOMMeHCHpyeT» yTpaTy HHBapHaHTHOCTH paccTOAHH u MpoMe- 
%KYTKOB BPCMeCHH OTHOCHTeJIbHO MpeoOpas0BaHHH KoOopsuHHaT; fi, cKamkemM, — 
MOTeEP!O BOSMOXKHOCTH OJHOBPeMeHHO H3MePHTb KOOPAMHATY HU MMITYJIbC YaCTHIIBL. 
Taka «KOMM€HCAalLMA» CBOAMTCH, KOH€4HO, K MOABJICHHIO HOBbIX 3pdpeKTOB, 
CYULECTBEHHO HeKJaCCHYeCKHX, HCUE3AIOINUX JIMLIb MpH c — oo u h — 0 coor- 
BETCTBEHHO, BaxKHeHIIHM CBOHCTBOM MOCTOAHHBIX C HM fh ABJAeTCH UX YHHBep-. 
CaJIbHOCTb, KOTOpand emaeT UX «MacIuTaOaMH MpHposby: Win BCe xX WacTHL 
CKOPOCTh < ¢, WIA BC € X YACTHIL TOUHOCTh OMHOBPeMeHHOFO H3MepeHHA KOOp- 
MHaTbI HM MMMyJIbCa OrpanHvuena OJHUM HU TeM xe fi. 

TIpeanomoxKuM Tenepb, 4YTO BepHO H OOpaTHOe: eCJIH KOHCTaHTa YHHBep- 
CaJIbHa, TO OHA 0683aHa ObITb «MaCILITaOOM NpHpobm B Ayxec u h AA Benuuu- 
HbI COOTBETCTBYIOMNLeEH Pa3MepHOCTH HM ee MOABJeHHe OOA3ATEIbHO CBH3aHO 
€ noTepell KaKOi-To MHPOpMalMH, CyW\ecTBOBAaBIIel B Teopuu Ges 3TOM MOCTO- | 
AHHOHU. 

Uccneqyem Ha «yHUBepCaJIbHOCTb» KOHCTAHTHI TEOPHH NOJA. QIeKTpuyecKHH 
3apA, KOHCTaHTa CBA3H CHJIbHOrO B3aHMOJCHCTBHA, MaCCbI YaCTHIL — ABHO 
He YHHBepCcaJIbHble MocToAHHbIe. Ho Konctanta Mepmu G Aa ca6oro B3auMo- 
nelicTBua, papHaa 1,4-10-*° spr-cm®, HMeeT yHHBepCaJIbHbIit XapakTep, TaK KaK 
Bce Ooulee CTaHOBHTCA OYCBHHbIM. YTO MHTCHCHMBHOCTb CJIaObIX MpomeccoB QA — 
BceX 4aCTHI (A B CaObIX B3aMMOJeHCTBHAX MOTYT y4aCTBOBaTb BCe YaCTHILEI, 
KpOMe boTOHa) OJHHAKOBA, eCJIM HET BKaOB Apyrux BsaumMojgelictBuii. U3pae- 
Kad, Kak OObIUHO, 43 G MHOKUTeNH fi UC, Mbl PAKTHYeCKH HMeeM e0 c yHUBep- 
CaJIbHOH KOHCTAaHTOH AMHbI J = 7-10-'? cm. Torepio kaxoit uadopmaiun npu- 
3BaHO “KOMMeHCMpoBaTb» /? Hanpmep, HeCOXpaHeHHe YeTHOCTH B Cj1aObIX Mpo- 
ueccax. Ecuu xe 1 +0, To cnaOble B3auMOfelicTBMA BEIKMOUaIOTcA (G —> 0), 
M YeTHOCTb BHOBb COXpaHAeTCA, TaK KaK B CHJIbHLIX H 93JICKTPOMArHUTHBIX 
mpomeccax STOT *akT YCTAHOBJICH IKCHEPHMeHTAJIbHO C OOJIbIIOM TOUHOCTHIO. 
Takum o6pa3om, / ompaBAbIBaeT CBOIO YHUBepCasbHOCTb, HM MbI WeM Javpute, 
mojlarad, 4YTO 9Ta MOCTOAHHAA HaKsJafbiBaeT OrpaHHyeHA Ha H3MepeHuA Mmpo- 
CTPaHCTBeHHO-BpeMeHHbIX paccTOAHHH. EQMHCTBeHHOe, YTO MOXKHO 3fecb mpel- 
MOJIOKUTb,— 3TO HEBOSMOXKHOCTh CYUeCTBOBAHHA HHTepBaoB, MeHbUIMx 7, 
T. €, KBAHTOBaHHOCTb 4-mpocTpancTBa c marom /. Takum o6pa3om, oTcyTcTBHe 
COXpaHeHHA YeTHOCTH B CNaObIX B3aMMOJeHCTBUAX — CJeACTBHe WUCKpeTHOCTH 
MpOCTpaHCcTBa — BpeMeHH. CTemeHb HeCOXpaHeHHA YeTHOCTH B 93/IeKTpoMar- 
HMTHBIX M CHJIbHbIX MpoOleccax Maia MOTOMY, 4TO UX «pajMychI WeHcTBUA» CHUI- 
KOM BeJIMKH 10 cpaBHenuio c /. MoxKHO NOSTOMY B HOBOM CMBICJe CJIOBa HA3BaTb 
STH B3aHMOJeHCTBHA «KIaCCHYCCKHMM» M0 OTHOUICHHIO K CiaGpiM. 
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K rpynne ABwxKeHHH 4-npocTpaHcTBa MIpeLbABISIOTCA Terlepb cweqyrouHe 
OueBHIHbIe TpeOoBaHuaA: 
| 1) 9Ta rpynna JowKHAa JONycKaTb MeHBIIy!O cTeneHb H30TPONUH 4-mpocTpak- 

CTBa, 4€M JIOPeHIlOBa, a NOTOMy, BOoOUle roBops, dopma s* = x2 —x* mepe- 
cTaeT ObITb HHBapvanTOM HpeoOpasoBaHu KOopAuNaT; 

2) HEHHBapHaHTHOCTh HHTepBala JoOKHA ObITh NpHUMHOH HecoxpaneHus 
yYeTHOCTH; 

3) OOn3aTeMbHO OM2KHA CYeCTBOBaTh NOsrpynna, MIs KOTOpol s? = 
= invar, 4ToObl MOXKHO ObiIO ONMCaTb CHMMeTPHH OoubUINX OGsacTeli 4-T1po- 
CTpaHcTBa. 

§ 2. Ilpexye sem usyyaTp 4-mpoctTpaHcTBo, BCe TOUKM KOTOPOrO HMeIOT I1es0- 
QHMCJICHHbI€ KOOPAMHATbI, MOJIE3HO BCIOMHUTb aHaJIOrHIO, CYIleCTBYIOIILY}O 
MeKLy WeIbIMH YHCIaMH HW NowMHOMaMu. Kak wWemble uucCta, TaK MW MOJMHOMBI 
MOXKHO Pa3JIOKUTb Ha MPOCTeHWIMe MHOKUTEU: 


ee pips. Ue en P (t)=(t—a1)™ (t — ae)... (t — an)**. 


‘ 


Sylecb pi; — MpocTble uHCa, a; — KpaTHOCTH MpocTHIxX MHoxuTeseH. TlommHom 
Bcera MOMKHO Pa3JIOKUTb B KOHCUHI pay Telisiopa mo creneHam s1060ro Mpo- 
cTOrO MHOxKHTeIA (¢ — a), NpHuem 1-H uneH pa3snomweHUaA P (a) 9kBUBAaeHTeH 
P (t) m0 Mogyato (¢ — a): 


P (t) = P (a) (mod (¢ — a); 


2-H KooppuUHeHT yOBJIETBOpAeT CpaBHeHHt0: 


PPO «Prey ottt—) 


a EN 
AHaJIOrH4HO SHCA A MOXKHO Pa3JIOKUTh B KOHCUHbI pA MO cTeneHAM /P 
(Tak Ha3bIBaeMbIM p-ayMueckuli paz): 


N 
a=) +p -+a.p?+...+anp , 
rae 
| a— a 


a = ao (mod p), = a, (mod p) 
a TT 
J[pyruMaM c/loBaMH, J000e Ue0e @ MOXKHO PacCMaTpMBaTh Kak SyHKIMIO 
Tlapamerpa p, lpoOeraroilero Bce Mpoctble 4ucla, IpHueM 3HayeHHeM 3TOH PyHK- 
IMM B JlaHHOM TOUKe po ABJIAeTCA BbIUeT A MO MOYO po. CoBOKYNHOCTb BCex 
WebIX 4HCe — KOJbIo C — Torma Tome OyJeT HeKOTOpOH «pyHKMel» OT p. 
_ Ho u3pecTHo, 4TO BbIueTHI BCEX IeJIbIX YHCeJ MO LaHHOMY MpocTOMy MOLYJIO po 
- o6pasyior Mose Tanya nopsyka po: GF (po). Tlostomy Kombuo C, paccmaTpuBae- 
_ Moe Kak «yHKIMs» p, B TOUKe p = po UMeeT «3Ha¥eHHe» GF (po), HJM B <CIIMHO- 
BOK» 3anvcu 


” GF (p1) 
GF (pe) 

: = GID). (1) 
GF (pz) 


giech pi — 2, p2 = 3, ps = OUT. A. 

Scuo, uro Koopaunath! 4-mpoctpanctBa Ra, MocTpoeHHoro Haj KOJIbIOM C, 
 TAKXKE MOXKHO CUHTATb p-lapaMerpusopaHHbimn; Tora Ra mpescrapaseT cobok 
copokynHocTb 4-mpocrpaucTs Ra (p,), anasiormuno (1). Ppynna qpwxenui (es 
| Tpaucasauuii) B mpocrpaucrse Ra (p) c @uKCHpOBaHHEIM p U3y4auacb B paoore (*) 
M oco6eHHO MviogoTBopHo B padore (*). KparKo pestoMupyeM HeKOTOpble pe- 
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3yupratpl (7). IIpx p = 4n — 1 * Ha3paHHasd rpylina COCcTOUT U3 TipeoOpasoBa- 
Hii, He MeHAIOMX (popMbl s? = x2 — Xx? (OHH CaMM To Ce6e OOpasy10T rpymny!), 
MU TAK HaSbIBAeMbIX g-lIpeoOpasoBaHuli, KOTOPble MSMCHAIOT 3HaK S* Ha MIpOTHBO- 
Nomo*KHbII; s’ = —s?. Hanuune g-npeoOpasopanwhH AaBTOMATHUECKH 
MPHBOLUT K TPeOoBaHMIO JBYXKOMMOHEHTHOCTH CHMHOPHBIX Novleli, KOMOMHHpO- 
BaHHOli HHBepCHM Kak eJMHCTBeEHHOMY 3aKOHY MpeoOpasoBaHuA BOMHOBBIX (pyHK- 
Mit IIpH MpocTpaHcTBeHHBIX OTpaxKeHHAX (€CM MHBEPCHA BpeMeHH BUTHEPOB- 
ckas)** uw qaxe V— A-papnanry uerbipextbepMMonnoro B3anmoyelicrBus. [lepe- 
UHCIeHHbIe CBolicTBa CHMMeTpuH Ra (p), re p = 4n — 1, Ha CamMomM JlesIe Co- 
BePII€HHO H€ 3aBHUCAT OT KOHKPeTHOFO 3HaYeHHA P, TaK Kak BCe Nowa GF (p). 
NOLUUNHAIOTCA OMHAKOBbIM aKcHoMaM. IlosTomy ecaM Obl B cTomOue (1) Ha MecTe — 
crpok c p =2u p=4n-+-1 crosmM HYMN, TO Mbl MoraH Obl, rpy6o roBops, 
3TH OOuIMe y BCeX 4-rmpocrpaHcTB Hay NowamH GF (p) CHMMeTpHH «BbIHeCTH 3a 
CKOOKH» HM CUHTATb UX CBOFICTBOM BCerO CTOMOMAa, T. €. HACTOAMeErO 4-MpocTpaH- 
cTBa. OTOTO MOXKHO LOOHTECA, MpokewaB c MpocrpaHcTBoM Ra npowelypy, BHeLI- 
He HallOMHHAaIOMLyIO MepeHOpMHpoOBKy B KBaHTOBOM TeOpHu Noss. 
Ilycrb a — nexoropoe tenoe. Ecun a = 0 (mod p), To sTo o3HauaeT JeJIM- 
MocTb a Ha p. Uro6pl a JemMocb Ha 2M Ha BCe P;, HMetoUMe BU 4n + ], He- 
[oe) 
OOXOXHMO CFO YMHOXKUTh Ha Z = o1t p:***, Wlyers. CZ = C*. Tomapoutenuao, 
sil 
C=C’, r.e. C’ ~Toxe Kosbuo. Hosromy Ha, HAM MOXKHO MOCTPOUTb 4-11po- 
crpaucrso Ry. «Ksant» sroro mpocrpancrsa pape /oZ = 1, rye lo — «KBaHT» 
mpocrpaHcTBa Ra, Uro6pt / OblulIo KOHEYHBIM, HeEOOXOAUMO NMoOMOKUTH lo = 0. 
IIpocrpancrso R, Gyzem cuntaTh «pu3snyeckuM». B «cNHHOBOH» 3allHcH OHO 
MMeeT BHI 
0) 
Ra (3) 
0 
Ry =| Ratt) (2) 


oS (p = 4n — 1) 


Tak KaK MHOXKUTeb Z He MOF H3MeHHTh 3HaYeHHe «pyHKUMH» R, B TOUKAX 
p = 4n — 1. B yka3aHHomM BbpIlle cMbicuie CHMMeTpHH MpocTpaHcTBa Ra Haxo- 
ATCA B COOTBETCTBUK C TpeOoBaHHaMmn 1) — 3). 

§ 3. MoxkHo mpexnoox%KuTb, YTO BIYHCIeHHA B aHHOM (OpMasu3Me HYHKHO 
MIPpOBOAMTh 0 CleLyrouleH Cxeme. CHayasa HeEOOXOLMMO MOJYYHTb KOOp a3» HHTepe- 
cylollero Hac pe3yJIbTaTa B MpocTpaHctTBe Ra(po), Tae po — HeKoTOpoe *PUKCHpoO- 
BaHHoe p Bula 4n-—1, a NOTOM, MOb3yACb TEM, ITO, B CHJIY YHOMAHYTOH TOK- 
JCTBEHHOCTH CHMMeTpHH, STOT «<OOpa3s» eCTh YHHBepCcasbHad (pyHKUMA p, He 
SaBHCAMLad OT KOHKPeTHOrO ero 3HaveHHA, YCpeAHUTb 10 p OObIUHIM OOpasom, 
T. €. MpOcyMMMpoBatTp M10 BceM p = 4n — 1 M pasqeNMTh Ha YMCIO STHX 3Ha- 
yeni. Ecau 37a (tbyHKIMA He 3aBHCHT ABHO OT Pp, TO OHA Cpa3sy Mocne CBoero 
ToyyeHuA B R4(py)) MOXKeT paccMaTpUBATECA Kak (yHKIMMA B OObIMHOM AHCKpeT- 
HOM lpoctpancrsBe R). 


IIpu BblunceHuaAx B R,4(po) MO*KHO BHAYaue, BBY upesBbI4aliHoro CXOMCTBA 
MaTemaTHyecKoro anmapata ****, nepeHecTH Tya JMHaMMueCKHe MpHHILMMbl 


* 
Bee Heuerubie p HMeloT Bu 4n + 1. B GF(p) npu p = 4n-- | Henb3a pasBHTb TeopuH 
NOJIs! H3-3a COMep*KaleHCA Cpe BLIYeETOB MHHMOM EHH. B atom culyuae, HampuMep, TepseT 
CMBIC MC€BLOSBKJIMJOBOCTh HHTepBavia. 


oe T. €. ueTHocTh He O6a3aHa CoxpaHsTDCA. 
To, uto Z paBHo GecKoHeuHOCTH, He JON2KHO Hac CMYyUaTb, TaK Kak Mbl HHTepecyemcst 


ero CTpyKTYpPOH, a OHA H3BecTHAa. Takoro THMa 6ECKOHCYHOCTH MOABJAIOTCA B p-awHuecKHX pa3- 
JIOWCHHAX TpOOubIx YHCeJI. 


ok RE o wo 
5 Vimeetca B BHAY rpynna JBHxKeHHH H passuTpiit 9. HW. Jlonuuckum cnenuaibHblit anatus 
ypbe B R,(po). 
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OObINHOH TeOpHH, Hallpumep, AMarpamMuyio TexuuKy. Torga wis UIEKTpOLH- 
| HaMMKH eCTeCTBEHHO MOCTYJHpOBaTb NpaBusia COOTBeTCTBUA WelinMaHa, ec/Iu 
_C¥HTATb, 4TO OHA OMNMCHIBaeTCH rpymmoli Ges g-mpeobpasoBannit. 

Astop Bbipakaer rityOokyio OnaroxapHocts H. H. Boromo6osy, 9 VM. JLo- 
_amucKkomy, 11. C. Ianupo u V1. A. lummapesy 3a naoxotBopupie o6cyK1eHHA. 


MockosckHii rocyfapcTBeHHbili yHuBepcuTer Tlocrynuao 
um. M. B. Jlomonocosa 15 VIT 1960 


HWHMTHPOBAHHAS] JIATEPATYPA 


ese Osi, Phys. Rev., 114, 383 (1959). #1. S. Sha piro, Nucl. Phys. 
(B meuyaTH). 
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Jloxnagxm Aragemun nayx CCCP 
1961. Tom 136, Ne 1 


TEXHHYIECKAA PHSHKA 


B. Jl. EBAOKHMOB 


HAMPABJIEHHE CKOJIBDKKEHHA AW HAKJIEN MOBEPXHOCTH 
'(I]pedcmaeaeno axademuxom A. H. Ppymxuneim 10 VI 1960) 


BosHuKarolllve IPH TPpeCHHM CKOJIbKCHHA KACATeJIbHbIe CHJIbI BbISbIBAIOT je- 
(POpMalLMIO MOBePXHOCTHBIX CJIO€B TBEPAbIX TeJI 3a MpeleJaMH 30HbI KOHTAKTA. 
Hasnune sTux Jedopmalluii Ha MeTasle H M3MeHEHHe HX 3HaKa IPH TpeHHH OBIIO 
ycTaHOBJeHO B pagote (1). Bowee nogpoOHoe uccregqoBaHue (*) MOATBEpAMJIO BbI- 
BOLI (1) H MOKa3aIO, ITO HA HEKOTOPOM paccTOAHHH OT 30HbI KOHTAKTA BOSHMKAIOT © 
ympyrve JedopMaluH MOBepXHOCTHBIX COB, BeJIMYHHa KOTOPbIX SABHCHT OT — 
P@KUMOB, CMa3KH MH XapakTepa TpeHHA, a Takx%Ke OT MOLyNeH yupyrocTu npH 
CUBUre COOTBETCTBYIOMIMX MaTepHasioB. 

30Ha KOHTAKTa HM yupyraAd ecsopMallua Ha ONpeleIeHHOM PaCCTOAHHH OT Hee 
OrpaHW4HBaIOT MepeXOMHOH yuacTOK C ympyro-mlacTHuecKMMH MedopMallHAMu 
WC MOCTeMeHHbIM MpeoblalaHveM M0 Mepe yaJIeHHA OT 3OHbI KOHTAKTA yIpyrux 
nepopMauni Haq ocTaTouHbiMu. Tak Kak TpeHHe CKOJb2KeHUA COMPOBORMAeTCA | 
HaksIenoM paGO4“HX MOBepXHOCTeH, TO €CTeCTBEHHO MIPeMNOJIOKUTb H3MeHeHHe 
MHKPOTBepHOCTH TOBepXHOCTH HM Ha MepexogHom yuacTKe. B faHHoH padoTe 
HaMH MOKa3aHO BJIHAHHeE OfHOCTOPOHHeErO H PeBePCHBHOTO CKOJIbKeHUA Ha 
XapakTep pacmpelesieHHA HakJielma M0 KOHTaKTy HM 3a ero mpelemamu. 

O6pasell 43 Ucceqyemoro MaTepHasia Yepes pbluaKHYyIO CHCTeMy NpWKAMAII- 
CA K CTaJIbHOMY KOJIbILy, KOTOPOe NOMyYaNO OMHOCTOPOHHEe UJIM PeBepCHBHOe 
Bpamlenve C yCTaHOBMBLIelica CKopocTbi0 0,2 m/muu. IIpu stom Ha OOpasie Bue | 
3OHbI KOHTAKTa MO HampaBJeHHIO BPaleHHA BOSHHKaeT CKATHE NOBEPXHOCTH, + 
a C NPOTHBOMOIOXKHOK CTOPOHLI — pacTaxeHHe. PeBepcuBHOe CKOJIbHKeHHE T0- | 
CTOAHHO MeHAeT MecTaMu pacnomomeHue 30H. Pacnpelenenue MUKpoOTBepocTU 
NO AWIMHe OOpasila H3 aJIOMHHUA MpescTaBeHo Ha puHc. |. 3 puc. la BugHo, 
YTO NOBEPXHOCTH M10 O6e CTOPOHLI KOHTAKTA MOJIYYAaIOT NOBbILNICHHLIN HaKJIen, M0 
Mepe ylaJleHHA OT KpaA KOHTAKTA MHKPOTBePOCTb pe3KO MalaeT H MepexoLUT 
B MCXOJHY10, a BeEJIMYHHA HaKJIeMa HM e€fO MPOTAKEHHOCTL B 30HE CKATHA BILL, 
yeM B 30He pacTaAxKeHusa. Cama 30Ha KOHTAKTAa He NOI yuaeT paBHOMePHOTO Hakule- 
1a, @ HMeeT Ba ABHO BbIPaxKeHHbIe yAacTKa C OOJIbIUNeH HIM MeHbIUeH BeEMMIHHOH 
MUKpoTBepfocTH. HasBaHve 30H «pacTA»KeHHA» H «CKATHAY B KOHTAKTe MOXKET 
ObITb IPHHATO BECbMa YCJIOBHO H3-3a CIOXKHOCTH CYMMHPOBaHHA MpoOlleccoB c*Ka- 
THA OT HOPMAJIbHOM Harpy3KH, WIaCTHYeCKOrO TEYCHHA MeTaJIJIa JBYOKeHHA Mpo-' 
IYKTOB H3HOCA, OHaKO Takoe pa3fleueHHe Ha 3OHbI COrsiacyeTcaA C HampaBseHHeM 
MpHAOKeHHA KaCaTeIbHbIX CMJ MW pacnpekeseHHeM HaKJIeNa BHe KOHTAKTA. 

PeBepcuBHoe CKOJIbo%KeHHe HMeeT OTMHYHBI OT OMHOCTOPOHHerO xXapakTep’ 
KPHBbIX Haksiena (puc. 16). Tlouru paBHomepHbIi HaKJIeM B KOHTAKTe CBHJeTeJIb- 
CTByeT O MepepacnpeseseHHu WwiaCTHYeCKOH JepopMalluu Mod WeucTBuemM Kaca- 
TeJIbHBIX CHI. HekoTopoe NOJHATHe KOHIOB KPHBOM MOXKHO OObACHHTb OTTEeC- 
H€HHEM MaTepHasla K KpasiM KOHTAKTa H BOSMOXKHOM MOPpeWIHOCTbIO H3MepeHHA 
JeHCTBUTebHOH MUKPOTBeEpOCTH H3-3a AyrooOpasHoro mpoduiA mposxombHoro 
ceyeHHA OOpasila B MeCTe KOHTAKTA. 

CpaBuenne puc. la u puc. 16 moKasbiBaeT, UTO 30Ha KOHTAKTAa pH peBepCHB- 
HOM CKOJIbYKeHHH NOJLyuaeT MCHbINHH HaKJIeM MO CpaBHeHHIO C erO MAKCHMA@JIb- 
HOH BeJIMYHHOM MPH OAHOCTOPOHHEM CKOMbKeHUM. Takylo Ke TeHCHIULMIO HMeIO 
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alee TS 
_KDPHBBIe Haka BHe KOHTaKTa, CHATbIe B YCIOBHAX P€BEPCHBHOTO CKOJIbKeHHA. 
‘Menpuiait Haksen mp peBepcuBHom cKOAbxKeHUU 10 CpaBHeHHI0 C HakJIenoM 
UPH OAHOCTOPOHHEM CKOJIbxKeHHM MO3yHa HaOMOsanca B pabote (°). 
aj) AHasioruunbie puc. law 16 3aBucumocru OniaH NOJIY4eHbI HAMM Ha OCHOBaHHH 
‘MHOPOKpaTHbIX 3aMePOB MHMKPOTBepAOCTH HM WIA psa ApyruX MeTavvios. 

B cBa3H c H3JIOOKCHHBIM, OMPeeJIeHHbIM MHTepec MpeqcTaBaaeT usyyeHHe 
Hakslena Ha KaMeHHOM CoH. C STO WebIO H3 MOHOKPHCTa/VJIOB KaMeHHOM conu 
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a) PacrimgAHue 

BPuc: 1. Pacnpenenenue Hakslena B KOHTAaKTe H 3a ero TpeseiaMu Tp TpeHHH CKOJIbyKeHHA O6- 


_Pa3iia 3 avJIIOMHHHA pH CTaJibHOM Kosbue. HopMaibHad Harpy3Ka 60 KI, BpeMaA BpamenHA 
1 MHH. @ — ofHOcTopoHHee CKOubKeHHe, 6 — peBepcHBHOe CKOMbKeHHE 


Pa Se 


| packaqEIBaHHeM H3rOTOBJAIHCb OOpasiibl pasmepom 9 x9 X40 MM np wWHpHHe 
| cTambHoro Kouba 15 mm. Kak Buyuo 3 puc. 2a, nox JelicTBHeM OJHOCTOpOHHero 
api KOJIbia 10 mockocTH (100) 30Ha KOHTaKTa HW OH3IeExKAaUHe K Heli 
yuacTKH MOBepXHOCTH NowyuaioT Haken. KaptTuHa pacmpeqemeHua Haksiena 
_aHasorugna puc. la, ofHaKO MMeeT MeHbIIYy!0 BeJIMYMHY UH, B CHY HA3KON msmac- 
-TuuHoctu NaCl B «cyxom» BHJle, Maslyio mpoTa»KeHHOcTb. IIpH peBpepcHBHOM 
CKOJIbKeHUH (puc. 26) pacnpeyemeHve Haksema MO KOHTAKTY CTaHOBUTCa MOUTH 
"paBHOMepHLIM. OTMeTHM, YTO NOLOOHAA paBHOMePHOCTb Hakwiena HaOsOaeTcHA 
“TOKO Ip 4acTOM peBepce Kouba. B mpoBe_eHHOM SKCMepHMeHTe KOJIbIO 
COBepliaIO HeMOJIHbIe PEBEPCHBHbIe MOBOPOTHI. 
| O6Opa3so0BaHHe HakKJlena B NMOJHKPHCTaMyYeCKHX TelaxX H B MOHOKpHcTaJ- 
aX B HaCTOsIee BpeMA OObACHAeTCA TeopHeli TucOKawHu (4-°). M3 stTHx pa- 
OoT BbITeKaeT, YTO HAaKJICMaHHbIe KPHCTaJIbl XapaKTePH3YIOTCA MOBbILIeHHOU 
“MMOTHOCTbIO AucCNIOKanHH. Ha puc. 3 mokKa3aHa KOHIeHTpalusA ucNIOKauLHH 8B 
30HE CKATHA B HEMOCpeACTBEHHOHM OM30CTH OT KOHTAKTA€ IPH OMHOCTOPOHHEM Tpe: 
WH CKOJIbKeHUA. JIA BLIABICHHA AMCNOKaLMH Ha MOHOKPHCTaax KaMeHHOH 
OJIM HaMH IIpHMeHeH, B OTJIM4He OT pellenta (*), B KaYeCTBe TpaBHTeJIA YeTLIPeX- 
“XJOpucTEI yraepogx. IporpaBeHHanA mocuie OHOCTOPOHHErO CKOWIbXKeHHA T10- 
€pXHOCTb cBexKero cKosa (100) qana OfMHAKOBO OOJIbUIYI0 MJIOTHOCTb CKOMJICHAA 
AUCIOKawHu y Kpad KOHTaKTa Kak B 30He CKATHA, TAK UM B 3OHE PaCTHKeHHA. 
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OgHaKO MpOTS2KeCHHOCTh 3OHbI C MOBbILICHHOM MJIOTHOCTbIO AMCIOKAUHH CO CTO- 
POHLI @KATHA OKAa3Zaacb BbINe. OTCIOa MOMKHO 3aKJIOYHTb, YTO IJIOTHOCTb 
JIMCOKaMM MOXKeT yBeNMYHBATLCA AO ONpeeeHHOrO pelea, Toce KOTOporo 
JauibHelimee YBeMYeHHe HakJena TOBEPXHOCTH MIPOHCXOAUT He 3a CueT MOABUIE- 
HHA HOBBIX JMCIOKalluii, a 3a CYeT H3MCHEHHA SHEP MOJIA HX CKOMMVIeHHA. 
Kak H cu1eqoBasio OKULATb, MIOTHOCTh pacnpeseseHHA AUCIOKalHH 10 MOBepx- 
noctTu (100) npu peBepcHBHOM CKOJIbxKCHHH OKA3alaCb OMHAKOBOM C AByX CTO- 
POH KOHTAKTA. 
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Puce. 2. PacnpewedenHe Haksiena B KOHTaKTe H 3a ero mpeyewamu 

IIpH TpeHHH OOpasila KaMeHHOM COMM pH CTabHOM kKOuIbule. Hop- 

MaJlbHasd Harpy3Ka 5 KI, Bpema BpameHHaA 1 MHH. @ — OHOCTOPOH- 

Hee CKOJIbxKeHHe mo mocKocTH (100); 6 — peBepcHBHOe CKONbKeHHE 
mo mtocKocTH (100) 


M3 u3i0xKeHHOrO CuleqyeT, TO IPH TpeHHH CKOJIbKCHUA HA IJIOCKOCTAX BHE 
KOHTaKTa BO3HHKaeT HakJIel MOBepXHOCTH, XapaKTepH3yIOUHH MOCTeMeHHoOe 
yMeHbUIeHHe TlacTHYecKHX JlepopMaluH B MepexoqHOoM yuacTKe. Bennunna 
HakJlela 3aBHCHT OT HallpaBJIeHHA MpPHJIOXKeHHA KaCaTeMbHOM CHJIbl — 30HA 
CKATHA MosyuaeT OOH NO BeIHYHHE H IPpOTAKeHHOCTH HaKJIel, 4YeM 30HA 
pactaxenua. AHaJIOrHuHYIO KapTHHY JlaeT MH paciipesemeHve HakJiena B CaMOM | 
KOHTAaKTe. PeBepCHBHOe CKOJbKeHHe LaeT HakwJen Ooslee paBHOMepHO pacripele- 
JIGHHBIH TIO KOHTaKTY HM MeHbINHH MA@KCHMaJIbHOrO HakJena OJHOCTOPOHHErO 
CKOJIBIKEHHA MPH OLMHAKOBOM a€HHH KPHBbIX MAKPOTBepAOCTH M0 O6e cTOpo- 
HbI KOHTaKTAa. Hannune HakJiena BHe KOHTaKTa MOATBep%KTaeTCA MOBbILeHHO! 
TJIOTHOCTbIO CKOMNJICEHHA HCOKAaMHH M0 CpaBHeHHIO C HX HCXOHbIM (POHOM. 

Menpiad BeMYHHAa HakJlena pabouux MOBepXHOCTel pH peBepCHBHOM Tpe- 
HHH M0 CpaBHeHHIO C OHOCTOPOHHHM CKOJIbKeCHHEM OObACHHET HMEIONLHH MeCTO 
Ha MpaKTHKe NOBbIMeHHbIN M3HOC eTael, paOoTarollHX B YCJIOBHAX 3HAaKOMe- 


PEMCHHOTO HarpyxXKeHuA CHAM TpeHHA. ‘ 
OpecckHi moJHTexHuuecKHit Tlocrynuso 
HHCTHTYT 9 VI 1960 


UMTMPOBAHHAS: JIATEPATYPA 


1 A.C. Pagunk, B.C. Paguux, JAH, 119, Ne 5 (1958). 2B. D. Espgo- 
KHMOB, C6opH. Hccneqopanua geraneii mMamny, 1958. * K. B. Capuukui, ns. 
eT. H MeTasopey., 4, B. 3 (1957). 4B.T. Pug, JQucnoxayua B Kpuctanmax, 1957. 
? A. X. Kottpeaa, J[ucnokayua u maactuueckoe TeueHue B Kpuctamax, M., 1958. 
: HW. A. Onunr, Teopus qucnoKanuii 8 Metantax u ee npuMenenue, U3. AH CCCP, 1959. 

P. R. Moran, J. Appl. Phys., 29, Ne 12, 1768 (1958). 


K cmamoe B. JI. Eedokumoea, cmp. 74 


Puc. 3. Konuentpauna jucroKaunit 

y 30HbI KOHTaKTa IPH TpeHHH OOpa3sita 

NaCl mpu crambHom kouJbue. Hop- 

MaJIbHad Harpy3ka 5 KI, EpeMs Bpa- 
meHHaA | MHH. 500 X 


K cmamoe A. B. Kyauxoca, B. Il. Yuycoea u H. I. Meop, cmp. 77 


a 0 
Puc. 4. Pororpadun Tpekos mpoxyKTOB (PoTopacmenieHHi a30Ta B KamMepe Buwipcona: 
a — peakuusa (yp), 6 — peakuua (Ypn 3a). 
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5 Jloxrnagn AKkagemuu nwayr CCCP 
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TEXHHYECKAA ®PH3ZHKA 


A. B. KYJIMKOB, B. Tl. UH)KOB u WH. MW. ABOP 


Ob OJHOM METOJE WCCJIETOBAHUSA 
CJIOQKHBIX AMEPHbBIX PEAKILUH 


a (II pedcmaeneno akademukom B. IT. Koncmanmunoeoim 19 VII 1960) 


k CymjecTByeT OOJIbWIOH Kacc AMepHbIX peak, CONPpOBOARMAaOULUXCA ucHy- 
" CKaHWeM HECKOJIBKUX aCTHIL C pa3/IMYBbIMM MaccaMM M 3apsyamu. Takue peaK- 
_ «WMH TpekcTaBsaioT HeECOMHeHHbIN HHTepec, OMHAKO JO CUX NOP OHH Maso u3y4e- 
_Hbl. B 3HauMTeIbHOi Mepe 9TO OOYCOBJeHO SKCHEPHMeHTaJIbHBIMH TpyAHO- 
' CTAMH, BbITeKAIONIMMH W3 HeEOOXOAMMOCTH OJHOBPeMeHHOM perucTpaluu He- 
CKOJIBKMX YaCTHI BMeCTe C HX HAeCHTHPUKaLMeH HM U3MePpeCHHeM YrJIOBbIX M 9HEP- 
reTwyecKUxX cooTHOWeHHH. JlelicTBUTesbHO, WHMpOKkO TpHMeHAeMbIM MeTO 110 
. HaBeJeHHOM aKTHBHOCTH JlaeT CBeeHHA JIMIb O MOMepeuHbIX CeYeHHAX peak- 
uni. B cayuae npumMenesua xkamepbl Bwvipcona BosHuKaloT 3aTpys- 
_ HeEHHA B ONpeseeHHH SHEPrHu HV MaccbI OBICTPOHM YACTHIBI, BbIXOAANeH 3a mpe- 
| Aembt KaMeppr. Metodb ToJICTOCJIOUHbIX (OTOSMYJIbCHH WIM CUeCTYHKOB, BKJIIO- 
YeHHBIX Ha COBMAeCHHA, B PAe CYYAeB HE MOSBOIAIOT NOJYYHTh LocTaTouHyto 
_ CTaTHCTHYeCKY!O TOUHOCTD. 
'  Ilpm uccneqopaHHu CO*KHbIX AJePHbIX PpeaKWHH ONpeeeHHbIMH TipeuMy- 
_ WecTBaMH MOKeT OOaxaTb KaMepa Buibcona, yUpaBsIAeMaA CILMHTHJIAAWMOH- 
_ HBIMH TeeCKOMAaMM, TpH MOMOM KOTOPbIX OlIpefeAIOTCA Macca WM 9HeEprHA 
| 3apsxKeHHOH yacTHIpl. OnpefeieHHe OTHOCHTeILHOH OPHeHTallMM TPeKOB 
| mpoOykToB peakwuH B Kamepe Buusbcona, a Take H3MepeHHe UX MpoberoB 
| WaeT BO3MO%KHOCTh MOJYYHTb JOMOJIHUTeIbHbIe CBeeHHA O JaHHOM CuJIy¥ae 
_ AepHow peakyun. 
_ 8B HactTostleit paGore mpe_maraeTcA nofoOHaa ycTaHOBKa, lpe~HasHaueH- 
naa AA padoTbl C YCKOPUTeAMM 3apsDKeHHBIX yacTun. HwKe npuMBo_sTca 
_ ONMCaHHe OCHOBHBIX 9JIEMeHTOB YCTaHOBKH, HX B3aNMOJeMCTBHE M CorlacoBaHHe 
Re CHHXpoTpoHom @Mu3uKo-rexuuyeckoro uHcTHTyTa AH CCCP. 
_ OcHOBHBIMM 3/IeMeHTaMM yCTaHOBKH ABJIAIOTCA KaMepa BuibcoHa UM CUMHTHII- 
| JAWMOHHBIC TeMeCKOMbI, a TAakKKe pasMOTeXHMYeCKaA CXeMa, OCYIeCTBIAIONLasA 
_ Tesew 3APAPKCHHBIX UWACTHIL. ’ 
' Kak M3BeCTHO, JIA NOJyYeHHA TpeKOB XOpollero KayeCTBa B YIipaBJIAeMOu 
i Kamepe BwuibcoHa eOOXOAHMO, YTOOb! HHTePpBasI BPpeCMeHH MexKyY MOMeHTOM 
 mpoweta peructpupyemoli uacTHuubl M HavaJIOM KOHAeHCaLMM Kaleb Ha oOpa- 
q 30BaBLIUXCH HOHAX Obl KAK MOXKHO KOpoue. YKa3aHHoe TpeOoBaHHe MOXKeT ObiTb 
_ YMOBMeTBOpeHO MyTeM MIpHMeHeHHA ObICTpOMeHCTBYIOWleroO KalaHa paciiH- 
5 peHUA HW Haqiexanieli KOMCTpyKuMel KaMepbl Busbcona. CxemaTuyeckult yepTenk 
_ KaMeppl mpupemen wa puc. |. Kamepa Bubcona OTIM4YaeTCA MpOCTOTOH KOH- 
cCTpyKuMa uw paccunTana Ha paOoTy Mpu HeOobUIOM JaBeHuH rasa (1,2 = 
}+ 1,4 arm.) B ee paGouem oGbeme. Pacmimpenve B Kamepe Buwibcona npoxs- 
) BOAUTCH Mp noMOMM wcKpoBoro KélanaHa. OnucaHve MpMuuuna NeicTBud 
‘Toyo6Horo KslanaHa mpuBeyeno B padote ('). Kamepa Busbcona padoraer mo 
WUKJIy C NepeKommpeccHell, pH STOM BPeMA BOCCTAHOBMEHUA COCTABJIACT OKOJIO 
20 cex. Peryuposka pexuma paOoTbl KaMepbl OCYULECTBIAeTCA yTeM M3Me- 
HeHHA JaBleHuA cxKATOrO BO3SLYXAa MOL pesMHOBOH AMadparmMou, YTO ynpomlaerT 
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KOHCTpyKUMIO KaMepbl, TaK Kak OTMaaeT HEOOXOMMMOCTh B NepeMelleHHy 
ceTKH 6, ompelemsomjel HuxKHee MOOxKeHHe AHadparmel. Pexum Kamepbl pe- 
TyJMpyeTCHh KOHTAKTHBIM M@HOMETPOM, YUPaBNAION\HM KNalaHaMy OblcTporo 
CKAaTHA MW MeMWICHHOTO paclIMpeHHa. 

Tpekv 3aps>KeHHEIX 4aCTH B KamMepe BuuibcoHa B MOMeHT cboTOrpapupo- 
BaHHA OCBelLaOTCA JBYMA MaJOraOapHTHbIMH OCBeETHTeIAMH, KaxKIbI U3 KO- 
TOPbIX CHaOwKeH TapOH HMMYyIbCHBIX Jamn MOK-120 u ueTbippMA WHIHHLpHye- 
CKUMH JHH3aMH. OcBeTHTeM OG6eCNeUMBAaIOT JICHTOUHBIC MYYKM CBeTa, WIMpHHAa 
KOTOpPLIX COCTaBJIAeT OKOIO 35 MM. 

Onucanne BCNOMOraTeJIbHbIX Y3JIOB, CBASAHHBIX C paOoTOH KamMepbI BuwBco- 
Ha, MpHBeleHo B paboTax (?, °). 

Kamepa Buspcona yipaBJseTCA TpeMA HICHTHYHLIMU CIMHTHJIJIALMOHHBIMU 
TelleCKONaMH, KaxKbIM W3 KOTOPbIX COCTOHT H3 JBYX BKJIIOU€HHEIX Ha COBnaye- 
HMA C¥UeTUMKOB c Kpuctassamu NaJ(TIl) u doroymuoxutensamu DOYIB. Pe- 
THCTPUpYyeMble YaCTHIbI 13 OObeMa KaMepbI 
Buwuipcona nonasaroT B CILMHTHJIIAWHOHHBIE 


heal 
J 
HZ | TeeCKOMbI Yepes OKHA B OOKOBOM cTeKuJe 
(LLL f KaMepbl, SAKpbITbIe OpraHvyeckoH MWIeHKOL 
N Nl 2 TosmmunHon 70 p. 
N I 3 Amnantyla umiyspca oT nepeqHero 
N il cueTuHKa TejlecKONa C TOHKHM KpHCTaJ- 
ee JOM  Tpv6nMKeHHO | MponopuHoHabHa 
HA. 5 ae ee YICbHbIM HOHH3aIlHOHHbIM MOTepAM perH- 
HZ aly 


cTpupyemol uactuunl dE/dx unu, Tounee, 
to 
dE 


BemwunHe AE = oe ae, rye ¢, — TOou- 


N 
LINO NEES 


UST WR Nore) 
——SS 


Ee 
‘| DERE EE IED EET SEE SILT 


Liz) 


Dp 


0 

5 WlMHa NepeqHero KpucTaqna. AmnmuiutTyza 

ae pea Gen 3— cerxa, MIlyslbca sawero CueTuMKa Tip jocTa- 
4 — 6apxar, 5 — pesuvopaa jmabparma, TOWHOM TOJMMHeE KPHCTaa NponopyHo- 
6 —onopuaat cetKa, 7—ocHopanne HaJIbHa SHepruu yuacTHub! E. Ha ocuoBa- 
Kamepbl, 6 — KOJbuO, 9 — BbIXIOMHOe HYH HY3MePpeCHHA AaMIVIUTYA STHX MMMYJIb- 
ee PRAEe COB MOXKHO YCTaHOBHTb MaCCy 4aCTHIbI vt 

ONpeleIHTb ee SHEPrHio. 

Bo3MOxXKHOCTh HCHTHPUKALMH MpOTOHOB, AeHTpOHOB H TPHTOHOB MpH No- 
MOULM TeJIECKONOB NOLOGHOH KOHCTpyKWMN paccmoTpeHa B paGoTe (°). 

CrTaOuJIbHOCTb 9HEPreTHYECKON WIKaJIbI TEJIECKOMNOB KOHTPOJIMpyeTca 10 H3Me- 
peHHIO aMIVIMTYA MMMysbCcoB OT a-aacTHn Po*®, HaHeceHHOrO Ha NOBepXHOCTH 
KPHCTaJVIOB. OTH %e UMNYJIbChI UCNOMb3YIOTCA AIA cTaOvIMsalHU Kosdpu- 
IHeHTa yCHJIeHHA TpakTta DOY — ycuNTeMb NP MOMOLMLM cCnelMaIbHOH CXeMBI. 

YmpouleHHasd OIOK-cxeMa YCTAHOBKH NpHBeleHa Ha pyc. 2. Mmnyvipchl Ka- 
HasioB AE u E teneckona / nocie ycueHHuA NOCTYMAaIOT Ha BXO] CMeCHTEIA O, 
npHuem umiysbpe AE 3afepxKuBaeTcs 10 OTHOMEHHIO K MMMyapcy E na 7,5 peek. 
Tloce cmecuTena 3 HMNyJIbCbI NOLaioTcA Ha BXOA Mapada3sHoro ycusuTena 4, 
BHIXOL KOTOPOrO NOAKMOUeH K TWaCTHHAaM BepTHKAJIbHOFO OTKJIOHCHHA JyUa 
OMHOTO W3 KaHaJIOB AByxJyueBoro ocuHNOrpada 5. UMmmyapcrl TesecKONOB 
JI vu /// (wen 3THx TemeckonoB Ha pHc. 2 He NOKa3aHbl) NOCTyNaloT BO BTOPOH 
KaHaJI OcUMNOrpada, NpHyem B Culyyae perucTpaluu sacTHyb! Teneckoriom JI 
B Me€pBbid KaHadl OCWMIOrpada BBOAMTCA JONOJHUTeJbHbIM MapKepHbIH YM- 
yJibc. Taka CHCTeMa NO3BOJIACT OTIMYATb HMMNYJILChI PasJIHMYHbIX TeJIeCKONOB 
Oe3 MpocMoTpa cTepeoCHHMKOB Kamepbl Buspcona. 

OKkpan ocunsorpada dotorpadupyetca Ha KMHOMIeHKY, ABTOMAaTHUeCKH 
NepeBHrarollylocA Noce KaxkKMOrO cyyaA perucTpaluu wacTH JNOObIM H3 
TejeckonoB. ConocTaBseHHe (bOTOCHHMKOB 3KpaHa oOcIHIOrpada u cTepeo- 
CHHMKOB KaMepbI Buvibcona OGleruaeTcA TEM, YTO Ha HHX (UKCHPyIOTCA TakxKe 
IKaJIbl CHHXPOHHO paOoTaloulMX MeXaHH¥eCKHX PerHCTpaTOpos. 

Cnenyer OTMeTHTb, 4TO, HapsAy Cc perucrpallMeii TemecKonaMu MpolyKTOB 
ANCPHbIX PeaKIMH, BOSMORKHA PerHCTpallMA paccesHHbIX JIeErKHX UaCTHI. 
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Ha puc. 3 npescrapieHo TunMuHoe pacnpeyesieHve aMIWIMTy MMITyJIbCOB TeJIe- 
ckoma B Koopfunatax E, AE. [na Toro uroObl mpakTMuecKH MOHOCTbIO HCKJIO- 
YUTb POH JIeErKUX YACTHI, MOCTaTOUHO OFpaHH4NTh OOMAacTb perucTpauuN JHAHeL 
ABCD. Tlogo6uoe orpanuuenne mpousBoquTca Wuckpumunatopamu 8 u Y, orpa- 
HuuuTeeM 6 wu cyMMaTopom 7. J{ucKpHmuHaTop 9 ocymlecTBuAeT OrpaHHueHHe 
BLO oTpeska AB. Orpanuyenne Boob HHH BCD ppinomHserca pH MOMOULH 


+1 5K 6 
lenecron Ae 6noxup: HOUUL 
YY 


£ UuMnYy nee 


K xamepe 
-K Cunzpompory 


K ocbemumensn 


os 


Snpabhenue 
RAQNQHGMU 


BcnomoeamengHete 
yempoucmba 


AMNYNbC 
PaACuupeHun 


Puc. 2. Bmaox-cxema. 1,2 — ycunutenu, 3—cmecuteib, 4 — mapacasuniii 
ycHuTelIb, 5 — JByXJyuesoli ocuHIsorpap, 6 — orpanHMuuTelib, 7 — CyMMa- 
top, 8 4 9 — j_ucKpuMuHaTopy, JO —cxema copnayenuii, J] — cmecnTemtp, 
12 — cxeMa aBTOOJOKHpoBKH, 1/3 — cxema ylpaBJIeHHA OUHMLAaOlHM d/eKTpH4e- 
CKHM Moslem Kamepbl Busipcona, /4 — cxema yipaBJIGHHA HMHTeHCHBHOCTLIO YCKO- 
puteia, /5 —Tpurrep safepxKu, /6 —cxema ynpaBleHHA KJlallaHamH ObicCTporo 
CKaTHA H MeMWIEHHOTO pacuiNpeHua, /7 — OOK yMpaBsJeHHA BCMOMOFAaTeJIbHbI- 
‘ Me Gist «MH YCTpOHCTBaMH 
‘uckp¥Muuatopa 8, noykIO0"ueHHOrO K BbIXOy cymMMatopa 7. Touxa C coorser- 
‘cTByeT M@KCHMaJIbHOM BbIXOLHOH aMlviNTyMe orpaHHuutesa 6. 
 BblxogqHble uMMyJpcbl AUCKpHMMHaTOpoB 6 H Y nocTyNalwoT Ha Cxemy Copsiia- 
Renu 10 c pa3pematomum BpemeHem t~ 10 7 cex. Kpome Toro, cxema /0 
-ylpapaiserca ReONOKMPy!IOWMM HMITyJIbCOM 
“J\WIMTebHOCTBIO OKOIO 200 pceK, cepelMHa 
“KOTOpOrO CoBMalaeT C MOMCHTOM NOABJICHHA 
“MMIyJibCa TOpMO3HOrO H3u/yyeHuA. Bplxospl 
CXe€M COBMaeHHii BCeX TeJIeECKOMOB MOKJIIO- 
“4eHBI K cmMecutesio J/, BbIXOMHO MMMyvIbe 
“KOTOpOrO 3allyckaeT pa3sBepTKy OCcIMJJorpa- 
ha 5 uw ynpapaser pa6otroh Kameps! Buspco- 
Ha TIpH NomouH cxemb! /2, 6OOKHpyroule UM- 
TIYJIbCbI COBMaeHHH TeJIecKOMOB Tocse oye- 
peaHoro pacuinpeHHA KaMepbl Ha BPe€MA OKO- 
to 20 cek., HeOOXOZMMoe JIA BOCCTaHOBUJe- 
“HUA TOTOBHOCTH KaMepbl Buvibcona. 
BbIXOMHbIe MMIyJIbCbI CXeMbI /2 BLISLIBAIOT pyc, 3, PacnpenemenHe” amnantyy 
“pacummpenve B Kamepe Busbcona HM yMpaBA- umnyabcop cuHHTMANALMOHHOFO — Te- 
tor cxemamu /3--/7, caasaHHbiMu c paGoroili meckora 
‘“KaMepbl M BCMOMOraTeJIbHBIMH yCTpOlCcTBaMil 
‘(crepeotboroannapat, cueTuHKH HOMepa Kajpa, ocBelleHHe Wikal cueryn- 
BH T. I1.). 
Cxema /4 ocyllecTBIAeT BLIKIOUeHHe y¥Ka yCKOPHTeIA Ha Bpema (poTorpa- 
‘bupopanua Tpekos B Kamepe Buvipcona. Cxema /3 ynpaBsiaeT OUMMLAaIONIMM M0- 
eM KaMepbl. Ounnlatoulee sIeKTpH4eCKoe Move, yAasAoulee HOHbI M3 paOouero 
“OObeMa KaMephl, BbIKOUaeTCA MeEOOKUPYIOWHM uMITyIbcoM 3a 100 peek. nepey 
AKIbIM HMIYyJIbCOM TOPMO3HOTO H3/yYeHHA HM BKOUAaeTcH 4epes 100 pCeK. 
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mrocyie Hero. BemwunHa 3JIeKTpMyeCKOrO TOI YCTaHaBJIMBaeTCA MOCTaTOUHOH 
JWI MOJIHOM OUMCTKH KaMepbl 34 BpeMA Me*KTY ABYMA MOCJeLOBATeIbHbIMH 
MMIYJIbCaMH ~-KBaHTOB (20 MceK.). BKJOUeHHe OUMIAlOMero NOJIA MOCJIe MMITYJIb- 
Ca {-KBaHTOB, BbI3BaBLIerO cpaOaTbIBaHue KamMepb! BuipcoHa, 3aepxuBaeTca 
JO OKOHYUAHHA pomecca cboTorpadupoBaHuA TpeKoOB. 

Jl WWOCTpalluH KayecTBa paOoTbl yCTaHOBKH Ha puc. 4 (CM. BKJIeHKy kK 
crp. 74) mpupesenpl ZBe cboTorpadun doropacienieHHi B KamMepe Buupcona. 
Stu ctboTorpabun mosy4eHbl pH MaKCHMAaJIbHOH 9Hepruu y-u3ayyenHa 90 Mos. 
OuvcTKa M[y¥Ka Y-KBaHTOB OT 9JIEKTPOHOB H MO3HTPOHOB MpOW3BOMMaCb Tak 
2#ke, KaK B paOote (*). Kamepa Buupcona Oblia HamouHeHa CMeCbIO a30Ta H 
Booposa B mponopuuu |: |. 

[IpeqBapuTebHbIe JKCHECPUMECHTHI NOKASbIBAIOT, YTO OMMCaHHaA Bbille ycTa- 
HOBKa MOET ObITb YCIeWIHO HCHOJIb3OBaHa WIA W3YYCHHA CJIOXHbIX (oTOpac- 
ulenuieHui Tuma (y pn), (y dn), (y 2p), (y dp) 4 ap. 

CuelyeT OTMeTHTb, UTO OOJIACTb IIPHMeHEHHA YCTAaHOBKH He OrpaHH4HBae\ca 
UCCIELOBAHHeM POTOAEPHbIX peak. Oua MOXeT ObITh NOe3Ha Tak*Ke py 
UCCJIeAOBaHMH peaKkIHii, BOSOy2KAaeMbIX MPOTOHaMM, HeHTpOHaMM 4 T. J. 

ABTopbl BbIPa2KaloT 6arofapHoctp mpod. A. I]. Komapy 3a px WeHHbIXx 
COBeTOB HM NMOCTOAHHBIM WHTepec K paooTe. 


@Mu3HKO-TEXHHYeECKHH WHCTHTYT Ilocrymuso 
Axkajemun Hayk CCCP 5 VII 1960 


UWHMTHPOBAHHASH JIMTEPATYPA 


1B. Meyer, W..Stoditek, Rev. Sail Instrpagy7odoae), 241.9 Tid sic 
A. I]. Komap, )KT®, 27, 868 (1957) *H. Il. Aspop, A. Il. Komap, O6snegunen- 
HHCT. AepH. Hecez., Marepuaasi coBell. 1O KamMepam Buuibcona, Auddy3HOHHbIM HM Ny3sbipb- 
KOBbIM Kamepam, B. 1, r. JlyOna, 1958, crp. 36. 4A. T. Tepacumos, A. H. Top: 
6yxHos, A. B. Ky wenk 0, B. M. Cnoupuzouos, Il. A. Yepenxos, TaM Ke, 
ctp. 131, *B. I YUumxos, KIT, 38, 809 (1960). 
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Hornane, Akagemuu nayrx CCCP 
1961. Tom 136, N: 1 


TEXHHYECKAA ®H3HKA 


M. 1. CMOJIHH u HW. H. ©PAHHEBHY 


HCCJIEMOBAHHE TEMMEPATYPHOH 3ABAUCHMOCTH 
IJEKTPONEPEHOCA B CIJIABAX HA OCHOBE 
TYFONJIABKHX METAJIJIOB 


(IIpedcmaeaeno axademurom IT. B. Kypdimosoim 15 VIT 1960) 


Co3qaHHaa B MoceqHue TOAbI TeopuA 97eKTpomepenoca (', *) ycTraHoBHua 
CBA3b M@EKAY HallpaBsJIeEHHeM H CKOPOCTbIO 3/IeKTpomepeHoca, 3IeKTpH4YeCKHMH 
CBOHCTBaMH MH Juddpy3HOHHOH MOXJBYKHOCTbIO HOHOB B MeTAaJJIaX H cmlaBax. 
Tlostomy u3yyeHHe STOTO ABJICHHA MOXKET BHECTH CYUIECTBeHHbIM BKJIaq B BbIAC- 
HeHHe€ Me€XaHH3MOB Audpy3HH UM 3eKTPOMPOBOAHOCTH, a TaKxKe HX B3aMMO- 
cBxa3sH. Kpome Toro, WccielopaHve 3uleKTpomepeHoca mmpelcTaBiaeT Oombuoit 
HHTepec HM C TOUKH 3PeCHHA BOSMOXKHOCTH SKCHEPHMeHTaIbHOrO oOnpeleweHuA 
.34PAJOB ATOMHBIX OCTOBOB KPUCTAaJJIM4eCKOH pellIeTKH CIVIAaBOB. 

Ha murpupytoului B mpomecce seKTpomepeHoca HOH JeHCTBYIOT Be CHIBI: 
CHJla 3JIEKTPH4eCKOrO NOMA M CHa B3aHMOMeHCTBUA HOHA C 9JIEKTpOHaMH IIpo- 
_ BOAHMOCTH, <Mepefaioulad MOHY MMMyJIbC, HanpaBJICHHbIi B CTOpOHY aHoja. 
B o6njem curygae, Kora B MpOBOAMMOCTH y4acTBYIOT KaK 9JIEKTPOHbI, Tak u 
IbipKU, JeHcTBYeT ellie H TpeTbA CHa — CHa B3aHMOJelCTBHA HOHA C JbIPKaMy, 
yB/eKaiollad HOH K KaToLy. Bpipaxkenue JA pesyJIbTUp yiolllel CHJIbI HMeeT BUT 


PussceE (a= niGalaot moyly)y (1) 


[rae Z — 3apxA MOHa B 3JIEKTPOHHBIX eMHUWaX; e — 3apsy, QIeKTpoHa; E — 
"HallpAKEHHOCTH J/IeKTpH4ecKOrO Noa; N_, 6_,/_un,, 6,, 1, — KOHLeHTpanua, 
iceyeHHe paccexHuA H AMHAa CBOOOLHOrO Mmpobera 9JICKTPOHOB H AbIPOK COOTBET- 


| CTBEHHO, 
Bpipaxenuve (1) mMoxkHO npesqcTaBHTb B Buse 


* * ze | 

. pe ee 2 = ei 0 hol: (2) 
re 2 mpescTaBaseT coOol HeKOTOpbIi siPeKTHBHBIM 3apaAy MUrpupyionjero 
voHa. BemuyuHa 3TorOo 3apagla MoMwKeT ObITh pacCuUHTaHa Ha OCHOBe JaHHBIX, 
TIOJYYeHHBIX U3 SKCMEPMMeHTa, C MOMOULbIO H3BECTHOTO COOTHOWeCHHA OiiH- 
wiTeHua 

' (6) f 
j zeD = BRT (B ear nq), (3) 


rae D — xosbbuunent zudbby3suu murpupyroulero seMeHTa pH aOcomO0THOH 
'Temnepatype 7; B — nogxByxKHOCTb HMOHOB 9TOrO 9/IeMeHTa B nose | B/cM; 
Rk — noctosuuas Bompumana; v — CKOpocTb 31eKTpomepenoca; / — cua TokKa, 
‘TMpoxogamero uepe3 o6paseu; g u A — Miowlalb monmepeyHoro CeyeHHA UM yleb- 
(Had 9JIEKTpOMpOBOAHOCTE OOpasila. 

B wactTosiei pa6oTte 6bl0 mpoBeseHo HCCIEMOBaHHe SJIEKTpONepeHoca OOoux 
‘KOMMOHEHTOB B Cnuiapax Mo — 25 at.% W u W — 25 at.% Mo B wupokom 
Be crtane Temnlepatyp. B padotax (3,4) Hamu OblJIO MOKa3aHO, 4TO Ha OCHOBe 


weslesa MoMOLeH H BOLdppamM BelyT ceOA B Mpollecce 2eKTpomepeHoca M0- 
|pasHomy — MOmMOLeH MUrpupyer B CTOpoHy aHosa, a BOLppamM — B CTOpOHy 
Katoza. Ilosromy u3yyeHve ykKa3aHHbIX, OMHAPHbIX CMWIaBOB MOJHOLeHa u 


BObibpama MpescToAO UHTepec HC STO TOUKM 3peHHa. 


(6 FAH, 7. 136, Ne 4 a 


OnbITbI MO SvIeKTponepeHocy MpOBOAMINCh Ha MPOBOJOYHBIX OOpasilax, 
IIPHFOTOBJICHHEIX MeTAJJIOKepaMMyecKH, [HaMeTpOM 0,5 MM U JWIHHOH OKOJIO 
60 mm. Meroguka skcrepumenta Hamu yxKe onncpiBasacb (*). Lua puKcupo- 
BaHHA 30HbI Ha WeHTPaJIbHbIe yAaCTKH OOPa3slOB HAaHOCHJICA SIEKTPOJMTHYCCKH 
TOHKMM cio payuoaxTuBHoro usoTona Mo*® umn W'*°. SaTem mpOBOAMJICA 
romoreHusupyloului oTKUr oOpasuoB. IlonyyeHHbie TakKMM TlyTeM Ha o6pas- 
[aX HCXOJHbI€ 30HbI PUKCHPOBaIMCh M3MepeHveM paciipeleeHHA PpawwOakTHB- 
HOCTH 10 ux AuuHe. JLia nomysenuA Gomee TOUHLIX BeIMUHH oppeKTHBHEIX 3a- 
PAMOB BCe BeJMUMHbI, HEOOXOAMMBIe AVIA MX pacueTa, OMpeAeAMHCb SKCIEPH- 
MeHTaJIbHO JIA Kaxkoro oOpasna. OnuH u3 rpaduKOB, C NMOMOLIbIO KOTOPOTO 
onpelemAuch KosPPHUHEHT JMPpy3uu HM CKOPOCTh 9/1eKTpoMepeHoca Ha TAaHHOM 
oOpasie, mpesctapien Ha puc. |. 


umn/MuH 


400 


300 


Puc. 1. Snextponepenoc Mo B cnaape Mo — W. Harpes o6pasia nepe- 

MeCHHBIM H MOCTOAHHBIM TOKOM mpH 1900° B Teuenne 10 uac. J — monomeHHe 

HavabHOM 3OHbI; 2 — moOMKeHHE 3OHbI NOCMe HarpeBa TMepeMeHHbIM TOKOM; 
8 — momowenve 30HbI MOCe HarpeBa NOCTOAHHEIM TOKOM 


VccneqoBaHua MpoBosMIuch B MHTepBaslax Temuepatyp 1500—2200; 1700— 
2200, 1900—2400 u 2100—2500° cootBeTcTBeHHO MpH Hu3yYeHHU 31eKTpomepe- 
Hoca W sB cnaape Mo—W; Mo Bs cnaape Mo—W, Mo B cnaaBe 
W — Mo u W B cnaape W — Mo. Onpits! mpopozuauch yvepes Kaxapie 100° 
Ha JByX oOOpa3iax MpH KaxyoH Temnepatype. Bo sBcex skcnepHmMeHTax 
6blla oOOHapyxeHa Mmurpanua uoHoB Mo nol elicTBHeM mocTOAHHOrO 
QJIEKTPHYeCKOTO OJ B CTOPOHY aHofa HM Murpawusa uoHoB W B cTOopoHy 
KaToja. 

SHaUHTeJIbHbIM HHTepec NpescraBsineT OOHAPyKeHHAA HAM JIMHeliHAA 3a- - 
BUCHMOCTbZ OT OOpaTHOH TemmepaTypbl. Tak Kak B (2) qHHeiiHO 3aBucar or 1/T 
JMU JIMHbI cBoOonHOro mpo6era /_ ul,, To orcioza clelyer, YTO B UCCMeLOBaH- 
HbIX HHTepBalaX TeMMepaTyp Z, M_, N,, O_ MU O, IpakTuuecKH He 3aBHCAT OT 
TeMMepary pbl. 

Jluuubl cBo6ofHoro mpobera /_ u 1, u3MeHsAIOTCH cC TeMnepaTypol Mo Tomy 
*Ke 3aKOHY, 4YTO HW SIEKTPOMpoBOMHOCTbh. Tak Kak B UCCENOBAHHBIX crviapax 
QEKTPOMOALMeH KPUBOM TeMMepaTypHOM 3aBMCHMOCTH 3JIEKTPOCONpoTHBJIeHHA 
K T = 0° K Op oOnapyxKeHbI OCTaTOUHbIe COMPOTUBCHUA Po, TO HAMM CTpoOu- 


* 
JIMCb rpaukH 2 He B byHKuMH or 1/7, a B yHKUHH OT roe , Tye &@ — TemM- 
o e Y 
meparypHbI KoopPuuneHT seKTpoconpoTuBsenua. B stom cayaae mpamaa 
* 
a ea AWOUWKHaA TepeCeKaTbCA C OCbIO OPTHHAT B TOUKE Z, OpAHHaTa 


KOTOpOH MO 3Haky MH BeJIMUHHeE PaBHa HCTHHHOMY 3apsxAy MHUTpHpytoulero HOHA~ 


(cm. (2)). Tlomyuennpie pesyprarbi MOryT ObiTb ONMCaHbI B KaxKOM cilyyae ypaB- 
HeEHHeM 


faztk(aaoe). (4) 
82 


rie k — Koop punnerT mponopunonasbHocTH. 3HaA 3apAbl M ATOMHbIe KOH- 
WeHTpallMH OOOMX KOMMOHEHTOB CIaBa, MOXKHO pacCuHTaTb 3JIEKTPOHHY1O KOH- 
IlCHTpalMto civiaBa n_ (cM. TaGu. 1). 


Tao mia 


ees oo Hanpaguienue a Rk, 90. en.- C/o (eSnG, 
Reni mepenoca ou, el. “Tpax. rpaq. Ha aTOM 
‘ 
| Mo — 25 W K Katogzy | —2,7 32859 
| “at. % W Mo K anony +2,4 26725 28 42 
? W—25 Mo K anogy PAP 24850 
aT. % Mo W K xatogzy | +38,0 ssi TM oe 1,08 


\ Aa noxrsepxK Jena MoyYeHHEIX pesyJIbTaTOB ApyrHM MeTojOM Hamu ceii- 
| 4ac craBaTCA paOorbl 10 H8y4eHHI0 TOHKOM CTpyKTYpbl peHTeHOBCKUX CHeKTPoB 
yKa3aHHbIX CIVJIaBOB. 


VMucTHTyT MeTaOKepaMHKH H CMeWHabHBIX CIaBOB [locrynuso 
Axayemuu HayK YCCP - 11 VII 1960 


WMTHPOBAHHAA JIMTEPATYPA 


7oeee. © u kc, Ons. Teepi. Tena, 1, 5. 1,16 (1959). 2? M. A. Tewawy k, Yxp. 
H3. *ypH., 4, Ne 5, 684(1959). > H.H. ®paunesuy, J. OD. Kanuuosu4 un gp., 
p. mis. oaypH., 3, Ne 1 (gogatox), 64 (1958). ‘JteOer Kk aim ho Bit 4, 
WM. Kopenckui uw gp., Mss. AH CCCP, Merannyprusa nu tonanpo, Ne 1, 71 (1959). 
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Jloxaanm Akagemun nayr CCCP 
1961. Tom 136, Ni 4 


TEO®PHSHKA 


A. B. 30JIOTOB 
HOBbIE JAHHbIE O TYHTYCCKOH KATACTPO®E 1908 r. 


(IIpedcmaeaeno axademuxom M. A. Jleonmoeuuem 14 VII 1960) 


B HacToOsleH CTaTbe MpHBOAATCA HeKOTOpble HOBbIe WaHHble O TyHrycckor 
KaTacTpode, MOJlyYeHHble HaMH vieToM 1959 r. 

1. Hau6omee xapaktTepHoli ocoGeHHOCTbIO pa3spylieHHH B Tare, Mpous3- 
BeXCHHbIX B3pbIBOM T yHryccKoro kocmuyeckoro Tea 30 uioHA 1908 r., ABISeTCA 
palHasIbHbIH XapakTep BblBaa JIeca C MpaKTHYeCKH e€MHbIM WeHTPOM, pacmo- 
JOXKeHHBIM B paloHe lOxKHoro Bomotra. Pavou cmviowiIHOro BbIBasa seca Mpo- 
cTupaeTca Ha paccTosHHe fo 20—22 km oT 9mMueHTpa B3pbrBa (1,?). CpaBHenue 
C 3KCIe€pHMeHTaJIbHBIMH JaHHbIMH 
10 KPYMHBIM B3pbIBaM (°,*) moKa- 
3bIBaeT, UTO TAKOH BbIBaJI Jeca 
MO?KET IIPOH3BeECTH B3PbIB C MOJI- 
HOH 9Heprvei oKouo 4-10?* opr, 
YTO COOTBETCTBYeT TPOTHJIOBOMY 
3KBUBAJIeHTY OKOJIO 10 MJIH. TOHH. 

2. OHMM H3 HHTepecHEIX (aK- 
TOB TyHryccKoH KaTacTpodbl AB- 
JiseTCA HasMyNe cTomGerO JIeca B 
STIMILEHTpe B3PbIBa pa3MepOM OKO- 
uo 10 km B Quametpe (',?). Hasn- 
uve cTosyuero Jieca, COXpaHUBILe- 


D KM OT SMMILCHTPpa B3pbIBa, TO- 
yeckOro TeJlia MPOH3OMIeJI B BO3- 


ILyX€ Ha BbICOTe HECKOJIbKUX KHJIO- 
MeTpoB (He MeHee 5 km) (°,4). 


3. [lpu B3ppipe B BO3Ayxe KOC- © 


Puc. 1. Kapta paiiona Tynrycckol katTacrpodbl MMYeCKOrO Tela ero CKOpOCTL 
1908 r. (rpaHHubl BbIBalla seca MOKa3aHbI m0 

K. I]. ®sopeuckomy). / — npoekuua tpaextopnn MOKHO OIPeCAeIMTb MO HeCKOUJIb- 
KocmHYecKoro Tella (mo E. JI. Kpuuopy), 2— KHM IIPpH3HaKam: 1) no oTHoLIe- 
(PpOHT B3PBIBHOH BOJHbI, 3 — PpouT OasmucTHYe- WHTIO aMIWIHTYL OalucTHYeCKOH uM 


CKOH BOMHEL, 4 — jlepesBo Cc OOJIOMAHHBIMH CyubAMH, B3PbIBHOM BOJIH B onpeeseHHoii 
5, 6 — HanpapuenHe (PoTOCbeMKH JepeBa, 7— 30Ha 


cyxocTon, 8 — panna CnomHoro BEBata seca, TOYKE MPOCTpaHCTBa OTHOCHTEJIb- 
9 —Ypaunua 3aMeTHOrO BbIBalla sieca, 10 —yo- HO TpaeKTOPHH NoOWeTa STOTO 


pora KyauKa Tela; 2) 10 SApKocTH HM Temmepa-— 


Type (10 B3pHIBa) MeTAULero OrHeH- 
Horo Teja -— Oona. TIlponspeqemM OWeHKy BepXHeroO 3HaYeHHA CKOpOCTH 
Tyurycckoro KocMuuyeCKorO Tesla MO 3THM MpH3Hakam. 

1) CooTHouieHHe aMIWINTY B3pbIBHOH HM OaJIMCTHYeCKOH BOJIH OKAa3aJIOCb 
BO3MOXKHbIM OWCHHTb MO XapakTepy OOpbipa cyubeB Ha JepeBbAX, COXPaHUB- 
WIMXCA Ha KOPHIO Ha rpaHue BbiBala Jieca. J.1A sTOM WeNH OKa3a0Cb YROOHbIM 
BbIOpaTb TOUKH B HAMpaBJIEHHAX OT STMMCHTpa, OH3KHX K TpaeKTOpHN nosera 
Tesla (CeKTOp tor — BOCTOK), TaK KaK B 3THX HaMmpaBeHHAX OamucTHUeCKaA 
BOJIHA KOMKHA Oba MPOABUTECA HavOoslee CuIbHO (prc. 1). B oTmugue of no- 
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rocH Ha KOPH!O Ha PaccTOAHHA JO 


BOPUT O TOM, YTO B3PbIB KOCMH-— 


BaJIeHHOrO MepeBa, Ha JepeBe, OCTABIIeMCA CTOATh Ha KOPHIO MOCJe KaTacTpo- 
(bl, COXPAHWJMCh CueNbl BOSTelCTBHA OGeEHX BOJIH, He3aBHCHMO OT mocaelO- 
BaTeIbHOCTH UX JelicTBuAa. J[ia npuMepa Ha puc. 2 MOKa3saHO JepeBo, KOTOPOe 
CTOHT Ha paccTOAHHH 21 KM Ha 10F OT SIMUCHTpa B3pbIBa. STO JepeBo B BOspacTe 
300—400 ser, BricoToH 35—40 m aBasetca cBueTenemM B3aNMOelicTBHA O6eNX 
BOJIH. Ha puc. 2a Aepewo ccbororpadupoBano mo HanpaBsenuio C CeBepa Ha Wr, 
T. €. NO HallpaBJeHHIO JBYKCHHA B3PbIBHOM BOHEI. Ha puc. 26 ato we TepeBo 
ccoTorpapupoBano 0 HalpaBseHMio C 3amala Ha BOCTOK, T. €. HPHMepHO BOE 


Puc. 2 


HallpaBAeCHHA ABYXKEHHA OaJJIMCTHYeCKOli BOJIHbI B LaHHOM TouKe. OTH doro- 
rpacuu JOCTaTOUHO YETKO MOKA3bIBaIOT HAMpaBJICHHOCTh JeHCTBUA BOJIHbI B LaH- 
HOM MeCTe C CeBepa Ha IOP, T. €. M0 HaMpaBJIeCHHIO BSPbIBHOM BOJIHbI, MH OTCYTCTBHE 
3aMeTHOTO JIeEHCTBHA OaJWIMCTHYeCKOH BOJIHEI. B3pbiBHad BOTHAa OGOpBasa BCe 
OOKOBHIe CyUbA WepeBa; OCTAIMCb TOJIbKO HEKOTOpble CY¥bA, HAlpaBJIeEHHbIe Bie- 
pe H Ha3ajl NO HaNpaBJICHHIO JBUXKCHUA BOJIHI, B TO BpeMA Kak OaJIMCTHUeCKaA 
BOJHa He OOOpBasia axe TOHKUX OOKOBBIX (OTHOCHTeIbHO HampaBJIeHHA CBOerO 
JIBYXKeHMA) CyybeB.OTciosa CJleqyeT, ITO B JAHHOM MecTe aMMIuTya OammucTH- 

> qeCKOH BOJIHbI CYIJCCTBEHHO MeHBbIIe aMIWIHTYZbl B3PbIBHOH BOJHBI. Paspyiue- 
HHA B 3TOM MeCTe MPOH3BeJIa B OCHOBHOM TOJIbKO B3PbIBHaA BOVIHA. 

V3 SKCnepUMeHTAaJIbHbIX JAHHbIX KPYIIHbIX B3PbIBOB H3BECTHO, 4TO H3ObITOUHOE 
aBuenue BO (PpOHTe yAapHOH BOJIHLI, KOTOPasd BaJIMT JepeBbA, paBHO OKOJIO 
0,1 xP/cm? (?,4). Ja o6ppipa jlaxxe TOJICTEIX CyYYKOB epeBa JocTaTouHO yyap- 

» HOM BOJIHbI C H3ObITOUHbIM JaBseHHeM He Govee 0,03—O0,5 KI /em?. IlockompKy 
_ OalucTMYeCKad BOJIHa He OOOpBadla JaxKe OUCHb TOHKUX CyybeB (puc. 26), To 
' v30blTOUHOe JaBeHHe GaIMCTHYUeCKOH BOMHbI B aHHOM MeCcTe, Ha paccTOAHHH 
- okoo0 20 KM OT TpaeKTOpHH NovieTa Tesla, He mpeBbiuaeT 0,01—O0,02 KI/cm*. 
- OnpefemuB JaBienve Bo *pouTe OaIMCTHYeCKOH BOJIHbI IPH U38BeCTHBIX pac- 
CTOAHUM WM pa3sMepax Tela, MOMKHO OIeCHHTb WH CKOPOCTb JBWXKYleroca Tea. 
Jama onpeyeneHuaA BepXHeli rpaHHIbl CKOPOCTM B HaLlIeM CJlyy¥ae BO3bMeM HaH- 
MeHbINMe Mpenmomaraemble pa3mMepbl Tela r = 20 m (°) (Qua MpOcTOTEI pacueta 
MIpHMeM lia Tema cbopmy wapa). Torga, no dopmyae I. WM. Iloxposcxoro, 


°f cy pues 


cnpaBeqIMBOH B MHTepBayie usMeHeHHA AaBeHuA: 0,01 < Ap< 0,1 xI/cm? 
| ( =4— Kosbbuunent conpoTuBieHua, p = 0,127 TEM/m? — nootHocth 
 BO3yxXa B TeXHHYeCKHX eqNHHax, S — nomepeyHoe ceyeHHe Tela B M?) CKO- 
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pocTb Tea U, Ip KoTOpoii Ha paccroauuu R = 20 000 m cosgaetca U30bITOUHOe 
jlapnenue OasucTHuecKol BOJIHbI, paBHoe 0,02 KI/cm?, 6ygeT paBHa OKOJO 
3 Km/ceK. 

TIpH 9THX HCXOJHEIX JaHHBIX CKOpOcTb Tela, BbIUNCIeHHaA nO copmy,iam 
Jlanyay (°), m0 MopayKy BeIMUMHbI UMeeT TaKOe Ke 3HaUeHHE. 

2) CormacHo MOKa3aHusAM OveBHALEB O ApKOcTH Comma, Temmepatypa TyuH- 
ryCcCKoro Tesla BO BpeMs MoveTa Oblia He Gomee 4000—5000° (orHeHHoe TesIO ObIIO 
6nelHee COMMA, H Ha Hero MOXKHO OblIO cMoTpeTb 6e3 GoM B rasax (?)). [na 
onpeyeieHud BepXxHeli rpaHHUbl CKOPOCTH MpMMeM, 4TO TemMepaTypa Oomula 
Oblla paBHa Temnepatype couHta 6000" K. 

Ilo u3sBecTHoMy ypaBHeHMIO ra3s0BOl AHHAMMKH 

Bo We 

aly =, (2) 
re Cy —TeHJIOeMKOCTh ra3s0BoH cpegzbl; MM — monekysapHbi Bec rasa; Ty — 
TemnepaTypa BO (ppoHTe yJapHOH BOWIHEI, OOpasyloujeicaA Bepequ sMeTAMLErO 
Tela; Uy — CKOPOCTb Tea; TemmepaType Sousa, paBHoli 6000° K, cooTBeTcTByeT 
CKOpOcTb Tesla OKoT0 4 KM/ceK. 

CpapHenuve spKocteli Tyxrycckoro u Cuxots-AMupcKoro 6omnfos (?,’,*) 
MOKa3bIBaeT, YTO KOHeYHAH CKOpocTb TyHryccKoro KocMMYeCKOrO Tesla Oba 
MeHbINe CKOpOCTH NoseTa CuxoTs-AMHECKOrO MeTeOpHTa, T. €. MeHbINe 3 KM/ceK. 
Hakonel, MO1yuYeHHadA CKOPOCTb COOTBeETCTBYeT H ApyrHM HaGJIOJeHHAM oO4e- 
BUWEB, KOTOpble OHOBPeMeHHO HU CJIbIMMAIH 3BYKOBbI€ yAapbl U BUJeIH JeTsA- 
ujee OFHEHHOe TeJIO, YTO BO3MOXKHO TOJIbKO IPH CKOPOCTH Tesla, COMsMepHMOL 
CO CKOPOCTbIO 38BYKa; OCOGeHHO 3aCJIYKHBaIOT BHUMAaHHA NOKa3saHHA oueBHI- 
Ile€B, KOTOPble YCJIbIMIAaIH IYM, HaXOJACb B MOMeLeHHH, NOTOM BbIOeKAaIM Ha 
yIHILy H Tora ye yBuemu JeTanlee Teno (7). 

Takum o06pa30M, H3 STHX CBeeHHH cleqyeT, YTO KOHeYHAaA CKOpOcTb T yH- 
ryccKoro KOCMMYeCKOrO Tela He mpeBpluaeT 3—4 km/ceKk. B S8TOM cuITy4ae B3PbIB 
Tyurycckoro Tea B BO3Lyxe 3a CueT Mepexofla ero KHHeETM4YeCKOH SHEpruu 
B TeIJIOBYIO HEBOSMOXKeH, TAK Kak axe IPM yape O 3eMJIIO TeJIO B3pPbIBaeTCA 
JIMIb Ip CKopoctH oKowo 5 km/cek (°). OTcroy,a, NO-BHJMMOMY, MO%KHO 3aKJII0- 
YuTb, YTO TyHryccKoe KOCMHY¥eCKoe TeJIO B3OPBaJIOCh NO Apyrol npHunHe, 
T. €, 34 CueT BHYTPeHHeH SHEprHH. 

4, BewW4uHa 9HEPrHH CBeTOBOrO H3JyYeHUA TYHTYCCKOTO B3pbIBa ABIAeCTCH 
BaxKHbIM IlapaMeTPOM, KOTOPbIli MOMOKET BLIACHHTb XapakTep B3ppIBa. Ilo Fone 
CBeTOBOH SHEPrHH OT MOJHOH SHEPrMH B3pbIBa HMeeTCA MPHHWHMMabHaA BO3- 
MOMKHOCTh ONPeEIUTh NepBOHAUaIbHYIO TeMMepaTypy OOaCTH B3pbIBa MH TeMI0- 
BOH s@ceKT B3PbIBYaTOTO TIpeBpallleHus. 

B Haulem culyyae CBeTOBad 9HEPrua TyHryccKoro B3pHIBa E. ompelesAach © 
mO BeJIM4MHe CBeTOBOTO HMMysbca 7, B MOMEHT B3PbIBa: 


1 ,-40R? 


Ee ae ge (3) 


rye R — paccTosAHHe OT TOUKH B3pbiBa, F — CpelHHH pamuyc cBeTaMelica OOva- 
CTH, }} — KOs*PPUNMEHT NOTIOWLeHHA CBeTa B aTMOCdepe. YunTpiBaa, TO 30 HIOHA 
1908 r. B patone TyxryccKoit KaTactpotbpl Obl ACHBIH Hu Ges061ayHBIli Jeub (2) | 
M UTO B3PbIB MpOnsowe Ha OO/bIUIOK BLICOTe (He MeHee 5 KM), 4¥TO 6arOnpuAT- 
cTByeT paciipocTpaHenuio cBeTa, B pacuete LE. Obla NPMHATA pelebHad Nasib- | 
HOCTb BHUJMMOCTH JIA peabHOrO Bo3sxyxa — oKoo 120 xm (3). Ilpu taxol 
AabHOCTH BUAMMOCTH KOS*PPUUMEHT NOPOMLeEHHA CBeTa B BO3yxe OyeT paBeH 
1) = 0,033 km (*). [Ipouspeyem oueHKy HWKHeTO 3Ha4YeHHA CBETOBOM SHEprHu 
TYHTYCCKOFO B3pbIBa, HCXOAA U3 Tpex takTos: 1) omor Zepeppes, R = 17 xm; 
2) WOKasaHuA OVeBUALEB B3pPbIBa B cbakTOpuu BanaBapa, R = 65x; 3) noKa- 
3aHHA OUeBHAUEB B3pHiIBaBC. Kexma, R= 200 xm. 

Oueuka |. Ha paccrosunn 15—16 Km or snunentpa (17—18 Km or Tou- 
KH B3pbIBa) BOJM3N FpaHHitbl 3OlHbI O%KOrAa HAMA Obl OOHAPyXKeH OKO JepeBbeB 
86 


¢ BosropaHvem. Bosropanue pactymiero Aepespa (cBexKHe JOCKH) MpOUCXOAUT OT 
cBeTOBOrO HMiybca B 60—100 kav/cm® (4). Yunterwaa Temupili Ber Jepena, 
BO3bMeM HWKHee 3HaveHHe MMMypca, T. e. 60 Kau/cm®. Torga, cormacHo dop- 
myue (3), CBeTOBad SHeprusa B3pbIBa OyyeT paBHa: E. = 1,5-10?8 apr, 
meuHKa 2. Ovepuyen ssppisa B axtopuu Banapapa C. 5. Cemenos pac- 
CKa3bIBaJl, YTO B MOMCHT B3pbIBa eMYy CTaO TaK TropayO, Kak OyATO Ha HeM 3a- 
ropeacb pyOallika; OH XOTe/ ee pas0pBaTb U COpocutTp (2). Ouepugen IT. I. Ko- 
COaNOB FOBOPHJI, YTO EMy TaK CHJIbHO OOOXKPIO YWIM, YTO OH CXBaTHJICA 3a HUX 
_ WM mpucen Ha 3eMi10, AyMaa uTO 3aropetacb Kppiumta (7). XoTa 9TH NOKa3saHUuA 
cosepKaT MU MCHXOJOrMyeCcKU SJIeEMeHT, HX MO%KHO MepeBecTH B UMCOBBIe aH- 
nble. M3 Hux cefyer, YTO OxKOF KOX*KU YeOBeKa (B BanaBape) Out O1M30K K O2KO- 
ry MepBOM CTeNeHM, KOTOPHI BOSHUKaeT IPH CBeETOBOM HMilysbce B 2—4 Ka/cm? 
(*). Ho mutrepatypHbim aHHbIM, ca6axi Oo OMLynaeTca pu BO3qeliCTBUM Ha 
TellO 4eJlOBeKa B TeYeHHe OJHOM CeKYHJbI CBeTOBOrO uMMysbca B 0,3 Kan/cM?, 
_ 4TO COOTBETCTByeT S3HAYeEHMIO NOJIHOrO CBeTOBOrO HMIMyJIbCa B3PbIBAa OKOJO 
0,6 Kxan/cm?, Tak Kak Oovlee 90% u3aulyueHuA pacKaneHHoro O61aKa KpynHoro 
') B3pbIBa BLICBeYMBaeTCA B TeyeHNe 2 cex. (4). Takum O6pa3s0M, 3HaueHHe CBeTO- 
) Boro MMMyIbca OT TYHTycckoro B3pbIBa B PakTOpuu Banapapa Gpiio He MeHee 
0,6 Kan/cm? u He Gostee 2 Kan/cm’. J]a pacueTa npHMemM HuxKHee 3HayeHHe CBe- 
| Toporo umiybca, 0,6 Kan/cm”. Torga cBeToBad 9Meprua B3pbIBa OyJeT paBHa: 
> E. = 1,1-10?* apr. 

OnmneuxkKa 3. Ouepuyib B3ppiBa B cee Kexma Ha pacCCTOAHHH OKOJIO 
200 KM OT SMHMUeHTpa OTMEUAIOT CHJIbHYIO CBETOBYIO BCIIBILIKY BO BPeMA B3pbIBAa, 
KoTOpad OOpas0Basa BTOpPble TCHH B KOMHATAX, OKHA KOTOPbIX ObIIM OOpallleHbl 
» ua cepep (7). Orcioma cuenyeT, uTo Bc. KexkMa OCBeIeHHOCTb OT B3PbIBa Obla 

COM3MepHMa C OCBeIIeHHOCTHIO JHeEBHOrO cBeTa. B 7 4ac. yTpa B HMIOHE Ha 3TOH 
tupote (60°) moTok 2HeBHOrTO cBeTa paBeH oKoso 0,0015 Kan/cm?-cex. Tlo-Bu- 
JJMMOMY, CBETOBOH MMIYyJIbC B3pPbIBa JOJNKeH ObiTb He MeHee 0,001 Kasm/cm?-cex, 
" 4TOObI OTOECK B3PbIBa MOXKHO ObIIO 34METHTb B KOMHaTe. Tora MOJIHbIM CBeTO- 
_ BO MMMyIbc B3pLIBa OyyeT paBeH oKowIO 0,002 Kan/cm?. B stom cyyae sHeprus 
B3pbiBa GymeT paBHa; FE, = 2,8-10*% apr. 
Takum o6pa30M, MO BCeM TpeM He3aBHCHMbIM OLleCHKaM MOJY4HIOCh BIOHeE 

 yQoBeTBOpuTembHOe coraacue. IlosTomMy Mbl MOxKeM C¥UMTaTb, 4TO SHEprHA 
€BeTOBOrO HM3JIy4eHHA TYHFYCCKOrO B3pbIBA MO NOpAKY BeMYMHbI paBHa 
(1,1—2,8) -10?8 spr, uro cocTaBsdeT HECKOJIbKO J€CATKOB MIPOMeHTOB OT NOJHOK 
- 9HeprH B3pbIBa. 
; Orciofqa cilekyeT HHTePeCHBI BbIBO: OTHOWIEHHE CBeETOROM SHeEpra TyHryc- 
|, CKOrO B3pbIBa K eFO MOHOM 2ZHEPrH UMeeT TOT Ke MOPALOK, YTO M MpH AepHoM 
B3ppiBe (T. e. OKOO 30% (?,4)). 


ne ee 


Boaro-Ypaspekun ulna Tloctynusto 
BcecorosHoro HayuyHO-HCCefoBaTeIbCKOrO MHCTHTyTAa 7 VII 1960 
Teou3H4ecKHX MeTOOB pasBe,KH 

r. OxTaOppcKHlt 
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| Hoxaane Akanemun nayx CCCP 
: 1961. Tom 136, N 1 


XHMHA 


10. A. AJIEKCAHAPOB, T. fr. BPHJIKHHA u B. A. WWIYLUYHOB 


OKHCb TPHSTHJICBHHILA 


(Tpedcmaenexo akademuxom M. H. Kadaunuxom 4 VII 1960) 


_ Okxcb TpvsTHmcBunita ((C2H5)sPb)20 Mower o6pasoBaTsca B Ka¥eCTBe Npo- 
Me@XKYyTOYHOO MpOAyYKTa MpH OKHCeHHH YTeKCasTHIMCBHHILa KHCOposom. 
Kak Obi0 Hamu OOHapy2xKeHo panee (1), peakiHa rekcasTHIAMCBUHIA C KHCJIOpo- 
Hom mpotekala C OTHeTIMBO BbIPaxKeHHBIM MHAYKUMOHHBIM nepvogom. Ecan 
K pacTBopy reKcasTHIAUNCBHHILa 3apanee Oba LOOaB/eHa OKHCb TPHSTWICBUHILA, 
TO B STO peakUMU HAaOMOMaNOCh pe3skoe COKpallleHve HHAYKUMOHHOFO MepHora 
BIIOTb AO MoHOTO ero HCueSHOBeEHHA. 

Ha puc. | rpacbuyecku npescTaBleHbl pe3yJbTATbI OMbITOB 10 OKHCJICHHIO 
TeKCaSTHIIMCBHHILA KHCIOPOOM IIpH AaBseHHH, paBHom 300 MMpT. CcT., B pac- 
‘TBope H-HOHaHA pH 60°. Kpusasa { noKa3biBaeT Kak Mporcxouo0 MOrMouleHHe 
KHCIOpOa pacTBOPOM TeKCasTHJIMCBHHILA CO Bpe- 
‘MeHeM peakuuMu. KpuBad 2 — kak mpoteKal 3TOT Mile 
Tpolecc mp Tex Ke yCOBMAX, ecIMj{Mepey, OKHC- re 
\JleHveM TeKCadTHIMCBUHIa K ero pacTBOpy ObiJia 
WoOaBieHa OKHCbh TPHSTHJICBUHIAa B KOJIMUECTBE, 
\cocTaBsiomlem oKo0 1,3 mom. %. Ha6mozaputee- 
(CA TIpH STOM yCKopeHvwe peakUMu) OObsACHHAeTCA 
'TeM, 4TO OKHCb TPHSTHJICBHHIAa paciayasmacb Cc 06- 
pasoBaHHem CBOOOAHEIX pasuKaJOB, OOycIOBINBAA 
‘BEIPODK eH Hoe pasBeTBleHHe ere. 

Jina Oouee JeTanbHoro ucceLOBaHUA OKHCH TpH- , 
STHJICBHHILa MbI OCYUIeCTBHIM ee CHHTe3 H W3yuMIH 0 u 2 ae. 
‘HeKOTOpble ee CBOLCTBA. PAU IGM ROO ae 
_ Xora 06 oxkucu TpHsTHICBUHIa YNOMMHANOCh pyc, 1, Oxucnenne reKcasTua- 
eme B padotax Jlésura (*) u Kaunnensa (*°), BbI- ancsuuma Kucnopogom. Ha: 
MOJIHCHHBIX Oosee cTa eT Hasa, ATAKKe B HeEAaBHO 4aIbHAaA KOHMeHTPAallwA TeKCa- 
‘onyOMKOBaHHOM pa6ote [umpmanac corp. (‘), B OTH ABCBREMILA 20) MON a//a 
AelcTBHTeMbHOCTH 3TO COeAMHeEHHe UMM He ObIIO 
tiomyyeHo. Ilo xofy mpoBeyeHun cHHTe3a STH UCCIeOBATeIM MWOMbSOBANMCb 
ICMMPTOBIMH HM BOAHEIMM pacTBOpaMH, B KOTOPbIX, KaK OyfeT NoKasaHO HMKe, 
‘OKHCb TPH3STHJICBUHILAa ylerKO ruspomusyerca. 

- He O6bimu cHHTesHpoBaHbl TaK%Ke OKMCH M ApyrHX TPHaNKWJICBUHILOBbIX CO- 
euHeHuH. 

- Hat cvuTe3 OKHCH TPHSTHICBHHILA OCHOBAH Ha peaKIMM MOHOPMApookucu 
TPUSTHICBHHILa C MeTa/IMYeCKHUM HaTpHeM, IpoBeyeHHOH mpH KOMHATHOH TeM- 
Tepatype Mo cyloem cyxoro Gexsoa. [i OCyHlecTBICHHA STOK PeaKIMH METavI- 
MueckH HaTpHii MpeBapHTebHO JMCHeprupoBasM B H-HOHAHE, 3aTeM OTJevIA- 
dM ero OT yrvieBosopofa CHatala JeKaHTallveH 2KUAKOCTH, a 3aTEM OTTOHKOHM ee 
TaTKa Ip KOMHATHOM TemMepaType HM NOHWKeHHOM JaBeHHM (TopaqKa 
0,2—0,5 mm pr. cr.), noce vero MeTama 3aMBaM CyXHM OeHsoJOM. B ary re- 
POreHHY!0 CMeCb BBOJHIM OMpefeJieHHOe KOJIMYeCTBO MOHOTHApOOKHCH TpH- 
JICBHHILa C TAKUM pacueTOM, 4TOObI MeTaJIIMYeCKMH HaTpHH OblI B SHAUHTEJIb- 
M W30bITKe. 


LS 
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Kon-60 noenou. 0, —> 
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Ilo xofy peak cpaBHUTebHO MaJlO pacTBOpuMaa'B OeH3ouIe IPH KOMHAT- 
HOH TeMMepaType MOHOFM{poOOKUCh TpHSTHJICBMHIa MpeBpaaiach B XOpOUlO 
pacTBOpHMy!O OKUCb TpusTHIcBHHIa. Uepes 2—3 uaca, Kora peakiMa MpaK- 
THUeCCKM 3aKAHUMBaNACh, TBEPAble KOMMOHEHTH peaKIMOHHOM CMeCH OTJe/AJIM 
(pHIbTPOBAHHeM OT pacTBOpa, M3 KOTOPOrO 3aTeM IIpH KOMHATHOM TemMmepaType 
HW TlOHM2KeCHHOM JLaBIeHuu oTroHAIH GeH3o. Tlocaie sToH OTTOHKH B Ccocyye OcTa- 
Balach NOABUKHAA, C1a60 OKp allleHHas B KEJITO-SeeHbI BET KUAKOCTH, OOa- 
jaioujad pe3sKUM CieuMcpH4yecKUM 3alaxOM, M HeOONbINoe KOMMYeCTBO MOHOrH]- 
POOKHCH TPHSTHICBHHLAa, BLIKPHCTaIM3OBaBIMeHCA TIpM OTTOHKe OeH3oa. ITY 
CMeCb elle pa3 (PUJIbTPOBAIM Yepes MIOTHbIM CTEKIAHHBIM PYWIbTp. ( 

Vcenelopanue cocTaBa UM CBOMCTB cbusIbTpaTa WOKa3saio, YTO STO BeLLeCTBO 
ABIACTCA OKHCbIO TPHITHJICBUHILa. PesybTaTbl ee aHaIM3a: HaleHO cosepxa- 
Hue cBuHita 68,2 u 68,9% (BEuMcHeHO 68,5%); MoNeKyJIApHbI Bec OnpeseeH- 
HbUi TO MOHWKeHMIO TemMMepaTypbhl MaBleHva OeH30a, paBeH 590, 592, 588 
(BpIuHceHO 604). 

Oxkvcb TpusTHICBMHIAa y2Ke IIpH KOMHATHOM TemilepaType O¥eHb MerKo THy- 
POMMZOBaIacb LO MOHOFHAPOOKHCH TpHSTHICBHHILA: 


((C2Hs)3 Pb)2O -- HeO = 2 (C2Hs)3 PbOH. Ch 


B mpo_yktax rapouw3a THTpOBaHHeM paCTBOPOM COJAHOH KUCOTEI ObIIO 
HaiifenHo 98—99% MOHOrMpOOKHCH TpHSTHICBHHIA OT KOMMUeCTBa, paccuH- 
TaHHoro 0 TeOpHH. 

AnajorwuHo Bose Ha OKHCb TPHSTHJICBHHILA JeHCTBYIOT CIIMpTbI, a TaKxKe Tpe- 
THUHBIE AIKJIbHbIe HW apaIKWJIbHble THponepeKWcu, aba OKUCHbIe HM MepeKACc- 
HbI€ COC#AMHEHHA TPHSTHICBHHIa, a TAK%Ke MOHOFHAPOOKUCh TpHSTHJICBHHILA. 


((C2Hs)3 Pb)2gO +- ROH —= (C2Hs)3 PbOH + (C2Hs)3 PbOR; (2) 
((C2Hs)3 Pb)20 —- R‘OOH -* (C2H5)3PbOH -- (C2Hs)3 PbOOR’. (3) 


OG6e STH peakUMH C OONbIOM CKOpocTHIO UpoTeKaIH yxe mpu 10°C Hume 
HyJa. OOpasoBaBliveca IIpH 9TOM OKCH- HM NepOKCHCOeMHEHHA OUeHb JerKO 
PHUIPONM30BaIHCb, a IIpH TOBbIMIeHHOM TeMMepatype pa3saranucb. Ilo sto 
lipHunHe peakuwn (2) u (3) Obl MpoBeyeHbl Mp NOHMKeHHOM TemmepaType 
(pH MocTeneHHoM ee MoBbiteHHH or —l0° yo 0° C) uw pH HH38KUX HayanbHbIx 
KOHHeHTpaluax (OKOO 0,2 MovIb/J) pearMpylOWlMX BeUeCTB B pacTBope rekcaHa. 
OMbITH! NpOBOLMIM B pHOope, MOsBONAMIOWeM U3O6exKATh KOHTAKTAa peaKIMOHHON | 
cMecH ¢ BOSLYXOM. CoOmroyeHHe STHX Mep MpelocTropoxHOcTH B TpoBeseHHu 
peakuuit (2) u (3) MpeqoTBpallalo TuypomH3 OKCH- HM TepOKCHCBHHILOBbIX Co- 
CIMHeHHM WapaMu BOLI M3 BO3Ayxa, a Tak%Ke UX OKUCIEHMe HM TepMMyeCKoe pa3- 
JIO*KeHHE. 

Mbl W38y4HJI peaKUMIO OKHCH TpH9STHJICBHHILa C METHJIOBbIM, 3THJIOBLIM HM 6eH- 
SHJIOBbIM CIIMpTaMu, ¢ uMeTHdpeHHIKapOMHOJIOM, a TaKx%Ke C TpeT.-6yTHITHI- 
pomepekuchio Hf C &-KYMMWJITHponepekuchio. 

Kak ObWIO ycTaHoBleHO HeaBHoO (°), Ip KOMHATHOM TemmepaType MOHO- 
THIPOOKHCh TPHSTMJICBUHIa NpakTHyecKH COBCeEM He PaCTBOPAeTCA B 2KUPHbIX 
yruieBoqopolax. OTO [alo HAM BOSMOXKHOCTh (PMI bTPOBAHHeM OTIEIMTb OCaloK, 
OOpasOBaBUIMiica B pesyJbTaTe peak (2) u (3), oTpacTBopa Apyrux cBuHeL- 
OpraHHyecKHX COeCIMHeEHHH HW OXapaKTepH30BaTb ero Kau¥eCTBEHHO H KOWMUeCT- 
BeHHO. Bo BcexX HalNMX OMbITAX, MIPOBeeCHHbIX C 9TOM TeMbIO, pesyIbTATHI 
TaKoro UCCeOBaHHA NWOKasaN, YTO yKa3aHHbIli OCaoK MpelcTaBA] MOHO- 
PMAPOOKHCh TpH3STWJICBUHIa, KOJIMYeCTBO KOTOPOrO, Kak MpaBMIO, cocTaBAAO 
95—100% or paccuvTaHHoro mo Teopun. 

B onmbitax M0 HcceOBaHIO B3aMMOJElCTBHA OKHCH TpHSTWICBHHILa C 3TH- 
JIOBbIM CIIMPTOM, C TpeT.-OyTHITHApOnepeKHChIO, a TAKKe C o-KYMHJITHAponepe- 
KMCbIO ObLIM BbIeJeHEI M OXAPpAKTepH3OBaHbl MPOAYKTH peakuuit (2) u (3), 06- 
pasoBaBilivecA HapAy C MOHOFHAPOOKNChiIO TpHsTHICBuHILa. C 9Toi WembIO 
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| depe3 5—7 MMH. Mlocwle CMeLIeHHA pacTBOpeHHBIX B H-TeKCaHe HCXOJHBIX BeIILeCTB 

WM C COOMOJEHHEM OTMeYeCHHEIX BBIIIe MpeocTOpoxHoctel ocaloK u3 peaKUMOH- 
HOH CMeCH (PUJIbTpOBaHHemM yepes MAOTHbI CTeKMAHHET QUALTP oTIenAIM OT 
pacTBopa. SaTem mp Temilepatype oKoso 0°C nu noHwKeHHOM RaBeHUM 13 
@WIbTpata OIrOHANM meTyuve coequHeHuA. OcTapmieeca noce 2TOFO BeIIIeCTBO 
ObluIO OXAapPaKTepH30BaHO TO CosepxKaHMIO B HEM CBUHIa UM TMApOKCMAbHBIX 
Ppyil, OOpasoBaBlIuxcaA Moce ero OOpaGoTKH BOOM, a TaK*xe M0 MOseKy.IAp- 
HOMY BeCy, ONpeJeeHHOMY NO NOHMKeHMIO TemMMepaTypbl WaBJeHHA GeHsoua. 
PesybTaTbl STHX OTIpefeeHHli cBeseHbI B TAG. 1. 


ia © 7 melnan f 


Haiifeuo oT KomHMUeCTBA, 
Moa. Bec BbIUHMCICHHOrO MO TEOpHH, 
of 
O6paso0BaBmeeca “0 
coequHeHue 


rHAPOKCHJIb- 
BBIYHCJICHO Hal euo CBHHILa HbIX PPyMMMoc- 
we PTHAPOJIV3a 


(CoHs)3PbOC.H5 339 Vli3Dds 344) wo9 94; 99 
(CoH;)3PbO2C(CHs)s 383 Sie ite 100 
(C2H5)3PbO.C(CHs)2C6Hs ALB 415 vas 99 


1 


Kak BHAHO M3 TaO. 1, B HalIMX OMbITaxX JelCTBHTeIBHO ObIIM NomyyeHl 

STOKCHTPHSTHICBUHEM, TpeT.-OyTHJITepOKCHTPHSTWICBUHEL, HW %-KYMMJIMepoKCH- 
TPH9THJICBMHEL, a TaKKe HEKOTOPble [pyrve aHaslOrvuHble CoeAMHeHUA. 
- OnpbiTh, TpoBeyeHHble C WebIO KOJIMYeCTBEHHBIX OMpeleseHui, MoKa3sauu, 
uTo Ha | MOJb OKMCH TpHSTHJICBHHILAa, BCTYNMBUeH B peakuto c | Momem cuMpTa 
WIM THkponepeKkucw, oOpasoBaocb 0,9—1,0 MoHoruf~pooKucH TpusTHICBHHIAa 
u 0,9—1,0 Monb cooTBeTcTByrollero OKCH- HIM MepoKCHCBMHellopraHMyecKkoro 
coe MHeHHA. 

CBexKeNpHroTOBJeHHbI 3%ITOKCHTPHSTHJICBHHEL, (C2H;)sPbOC2H; — G6ec- 
IIBETHOE KPHCTaIMYeCKOe BeIeCTBO, MaBAlleeca IPH TemMepatype oKoNO0 20° 
B JbIMAMLYIOCH Ha BO3AyXe XKMAKOCTh. ITO HaXxoOWNTCA B COracHH Cc JaHHbIMH 
Tumpmana wu A66aTa, npuBezeHHbima B o630pe (°). MerTokcuTpysTHicBHHeLl 
(C2H;)sPbOCHs — kpemoBoro I[BeTa KpHcTaJIMyecKoe BeIeCTBO, pa3vlararo- 
meeca 6e3 MiaBeHHA pH HarpeBanun fo 60—70°. a-KymunoKcuTpustTuacBH- 
‘Het, (C2H;)sPbOC(CHs)2C,H; — masonoxBuxKHad TIpH KOMHATHOH TemmepatType 
WKMAKOCTh, UMeronlad cma6yio xKeJITO-3eeHyIO OKpacKky. TperT.-6yTummepoKcn- 
TpusTucBHHel, = (C2H5)sPbO2C(CHs)s Mo &- KYMHJIMepOKCHTpHSTHJICBHHeIL 
(C2H;)3PbO2C(CHs3)2Cs,H; — BasKkwe %*KMAKOCTH OJIeqHO-3OJIOTHCTOrO IBeTAa. 

Bce nmowyyeHHble HAMM OKCH- HM MepoKCHCBUHeMoprannyueckue CoeMHeHUuA 
HeyCTOHYMBEI M B 3aNaAHHbIX AMIMysax y2Ke IIpH KOMHATHOH TemiepatType Meq- 
JICHHO pasJiarasiucbh, MmpHoOpeTad yCHJIMBaIOWLyIOCA CO BpeMeHeM KpacHO-Oyp yo 
okpacky. 

OKWCb TpH3THJICBHHILa Ip KOMHAaTHOM TemmepaType BeCbMa 9HEprMyHO B3aH- 
MOJe@HCTBOBAaIa C alleTOHOM. Tak Mpl MpOBeeHUH ITOH peaKILMH B pasOaBJIeHHOM 
[PpacTBope reKcaHa pH SKBUMOJICKYJIAPHOM COOTHOIMIeHHM OKMCH TpHSTHJICBUHIA 
M alleTOHa MpOWCXORAWJIO MOMeHTAJIbHOe BbIeseHve OeclBeTHOrO KpHcTaM4e- 
KOTO OCaKa, KOTOPbIt mo cofepxKaHHt0 B HEM CBHHILa HU PHAPOKCHJIbHOK Pp ynibl 
HaMUM Obl] HJCHTMMUNpOBAH KAK MOHOFHAPOOKWCh TPHSTHJICBHHILA. 

[lp cmenleHuu OKC TPHSTHICBHHILa C OOJIbUIMM M3ObITKOM alleTOHa TakxKe 
HaGmokaocb OOpasoBaHue GecuBeTHOrO KpHCTaMyecKoroO mposyKta. Pac- 
TBOP Ha OCaJ[KOM MOCTeMeHHO y2Ke pH KOMHATHOH TemMiepaType OKpallMBavIca 
B/TemHO-6ypbili uBeT. II[pu sToM B KayeCcTBe IpOAYKTOB peaKIMu MbI yCTaHOBMIH 
OO6pas0BaHve OKHCH Me3HTMIa, KOTOpaA Oblwia BbIqeeHa B Bue @pakUMU pu 
pasroHKe peaKIMOHHOM cmecu H MO peakUMH c 2,4-7MHUTPOMeHHHApasHHom, 
a TaKxKe HeOOJIbIOrO KOJIMUeCTBAa HHTCHCHBHO OKpallieHHOro B TeMHO-OypbIii 
IBeT CMONO0OpasHOrO Coulee BEICOKOKUMAerO IpoLykTa, KOTOpbIit Ham OMxKe 
He uccteqopasca. AnamorM4uHo MpOHCXOAUJIO B3aMMOJeHCTBHe OKUCH TPHSTHI- 


wy 
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CBHHILa c aleTablerugom. B sToM culyy¥ae peaKIMOHHaA CMeCb Haj] BbITABLUAM 
ocaKOM H3 MOJBYXKHOM H GOecIBeTHOH NMOCTeMeHHO MpeBpalilasiacb B BASKYIO 
6eQHO-2%KeITOrO BeTa MaCCcy. 
OKUCb TPHITHICBUHIA passaraacb Mej/WIeHHO TIpH KOMHaTHOH TemmepaType 
U CPaBHHTe/IbHO ObICTpO TIpH HarpeBaHHH C OOpas0BaHWeM 1a3sa, HKUAKOCTH HW 
TBepforo BenjecTBa. Ha puc. 2 H300paxKeHbI TPH KMHETHYECKUX KPHBbIX, MOKa- 
3bIBaIOUMX, KAK MpOWCXOAHJO BbIfeweHHe Ta3a CO BpeMeHeEM STOH peaKILMN TIPU 
pasM4uHOH TemnepaType. Xpoma- 
TorpaHyecKHM MeTOJOM HaMH ObI- 
JO yCTaHOBJIeHO, 4TO  BbIZeIMB- 
muicA pH 9TOM a3 CcOocTOAT 
HW3 3KBUMOJI€KYJIAPHOH CMeCH 9Ta- 
Ha HW 3TMIeHa, COepxKalleH OKOJO 
1 06.% 6yTaHa. OcTaBliMeca nocae 
yAaJieHHA Ta3a MpOAyKTbl peakwun 
COCTOAJIH H3 CMeCH TpospayHOn *KUL- 
KOCTH H oca[Ka, OKpallleHHoro B Kpe- 
+  MOBBIM ILBeT. OTA KUAKOCTh Oba OTO- 
THaHa OT OCalKa pH MOHWKeHHOM 
JaBJICEHHH M UJeHTHUUMpOBaHAa 10 
Puc. 2, PasoxwkeHHe OKHCH TpHSTHICBHHLA TIpH peaKIMH C MOHOXJIOpyKcycHoH KuCc- 
pasIMuHOH TemmepaType. Kpuppie J, 2 Hd n0- » 7 
nysentt mpx 70, 80 2 90° OTOH Kak TeTpasTHICBHHe (”), BbI- 
XOX KoToporo jocTurait 0,97 Mousa 
Ha MOJIb pa3JIOMKUBINEHCA OKHCH TPH- 
STHJICBHHIAa. TBepAbid poyKT peak MbI MOApOOHO He UCCeAOBaIM, HO 
yCTaHOBHJIM, YTO OH COfepxKa CBUHEL (87,5%), OpraHHyecKMH OCTaTOK, BepORT- 
HO STHJIpayvKaJl, WH MpaKTHyecKH He pacTBOPAJICA B OODIUHbIX OPraHHyeCKHX 
pacTBOpHTedAX. 


Tepmuyeckoe PpasJiomweHve OKHCH TPHSTHJICBHHIA MOMKHO IIpeACTABHTb CJe€- 
AYyIoukeH CXCMOH PpedakKIHH: 


Me/é 
50- 


25 


Kon-60 beidenubus 2a3a 
MpUgMULACOUHYQ 


0 a 10 yac, 
Mpodonmum. peakyuu —> 


((C2Hs)3Pb)2 O — (C2Hs)a4 Pb + CoHe + CoHa + (C2Hs) , PbO. (4) 


O6pasoBaHve STaHa VM 9THJIeEHA B STOH peaKUMH OOBACHAeTCA AuCMponop- 
UMOHMpOBaHHeM 9STHJIpauKasioB, HaJIMuHe KOTOPHIX, MO HalIeMy MHEeHHIO, 
ABJACTCA MIPM4YHHOM OTMeCYCHHOTO HAMM BbILe YCKOPAIOWero BIMAHHA 10OaBOK 
OKHCM TPHSTHJICBHHIa Ha OKHCJIeHHe TeKcadTHAAHCBUHIa KHcopoyom. Ecan 
B PpacTBOp TeKCaSTHJAMCBUHWA 3apaHee Oblia MoGaBeHa BOA HU NPOBOAMNOCh 
erO OKHCJIeHHe KHCOpOOM, TO OOpa3sylollasicA mp 3STOM B KayecTBe TpoMe- 
*KYTOUHOFO MpOyKTa OKUCb TPHITHJICBHHILA MOMCHTAJIbHO PHAPOJH30Baacb WO 
MOHOrHAPOOKHCH TPHSTHJICBHHIa, WH peaKUMA OKHCJICHHA TWpoTeKasla OUeHb 
MeqIeHHO. Kpupas 3 (puc. 1) noKa3biBaeT, Kak NpOMCXOAMO NOrolleHHe KUC- 
Jopoqa Ip okucienuw [OC B npucyTcTBHM WOOaBoK BOJHI. 


Hay4no-nccleqoBaTesIbCKHii HHCTHTyYT XHMHUM Tloctymuio 
np TopbkKospcKom rocyfapcTBeHHOM yHuBepcuTere 4 VII 1960 
um. H. HM. Jlo6auesckoro 
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XHMHA 


A. Il. BATAJIOB u HW. A..-KOPLUYHOB 


MCCJIEMOBAHHE OBMEHA 9THJIbHbIMH PAAHKAJAMH 
B CHCTEME AI(C,H,),;—CH;Br 


(ITpedcmasaexo akademuxom M. H. Kabaunuxom 11 VII 1960) 


B mpedbiqyuyux padoTax Obl H3yYYeHbI BO3MOXKHOCTb HW YCJIOBUA OOMeHa 
paluKalaMH B HeEKOTOPbIX OpraHHueCKHX MpOH3BOHbIX pTyTH (+), cBHHIa (?) 
w MarHua (*). YauTpiBad Bo3spacTaiollul MHTepec K asIOMHHMMOpranvyecKHM 
COC MHCHHAM, WIMPOKO MpHMeHAIONIMMCA B OpraHHYeCKOM CHHTe3e, MbI NpOBedH 
WcCIeMOBaHHe OOMeHA JTHJIbHLIMH paluKaslaMH MexAy TpH3sTMIaIOMMHHeM Ui 
OpOMMCTHIM STHJIOM. CuleqyeT OTMETHTb, 4TO UCCeELOBaHue OOMeHA OAMHAKOBBI- 
MM aJIKWJIbHEIMH WIM apWJIbHbIMH palWKaJlaMW BO3MOXKHO TOJIbKO MeTOJOM pa- 
AHOaKTHBHBIX WMHAZNKaTopos. [Ilostomy ofMH M3 KOMMOHEHTOB Uuccweqyemoli 
CHCTeMbI, A HMCHHO OPOMUCTHIi sTHI, ObII MeyeH yrviepoyom C1*, CuxHTes meue- 
Horo OpOMUCTOrO STHMa MpOBOANJICA MO OMMCaHHOM paHee MeToguKe (7). 

_ B CBx3H C BbICOKOH YYBCTBHTeEIbHOCTbIO TPHSTHJIAIOMHHUA K BJlare HW KHC- 
Jlopoqy BCA padoTa MO 3aNOMHeEHHIO PeaKIMOHHbIX AMMNYJI HCXOJHbIMH KOMIIO- 
HeHTaMH MpOBOAHaCcb B ATMOCHepe OUMMEHHOFO a30TAa. SarlOJIHeCHHbIe peaKIHOH- 
HbI€ AMMYJIbI 3AMOPaKUBAIUCh HXHTKUM A30TOM, IBAKYHPOBAJIUCh, 3alanBaHCh 
H TepMOCTaTHPOBasHCb B HY2XKHBIX yCJIOBHAX. EcH OOMeH payMKaslaMu B H3y- 
YaeMOH CHCTeMe HMEET MECTO, TO STAH, COOPAHHbI MPH passoxKeHHU TPHSTHI- 
-AJIOMMHMA MOCe MpOBeeHUA peakiHH OOMeHA, JOJIKeH COMepxKaTb yrsepog Ci. 
Palvometpuueckui aHaiu3 3TaHa Ha MIpeMeT COJepxKaHuA B HeM yrviepoga Cl 
MMpOBOAMICH Ha CueTYNKe BHYTPeHHerO HaKOMJIeHNA NocIe MmpelBapuTeAbHOrO 
CO%K%KCHMA 9TAaHa JO AByOKHCU yruepoga (*). | 

 O6o6ulad sKcHepuMeHTaIbHbI MaTepvall, NOJYGeHHbI Mp ucce_oBaHun 
OOMeHa STHIbHbIMM pauKasamu B CHCTemMe TPH9THIAOMMHUA — OpoMmuHcTHIii 
‘STH, CeLyeT OTMETHTD CuIeqyIoUlHe OCOGeHHOCTH: a) HeEOOXOZMMBIM ycCJIOBHem 
oOMeHa paluKalaMv B MCCMeEMOBaHHOH CHCTemMe ABJAeTCH MpHcyTCTBHe ravore- 
HMLOB MeTaIOB, 6e3 JOOaBKH KOTOPHIX OOMEH He HaOwOMaeTcA axe B JocTaTou- 
HO 2KecTKUX ycnoBuAx (150° C, 20 yac.); 6) B mpucytcTBuu TiCla u NiCle npo- 
YCXOMMT WIM B3PbIB peaKIMOHHOM aMMY Jbl, WIM MOsMMepH3all¥sA UCXOMHBIX Be- 
IleCTB, B pe3ybTaTe yero OGpasyeTca rycTad cMomooOpasHan Macca, He pasya- 
Taoulasca CnupToM M BOO; B) B MpucytcTBHH BiCls, FeCls, CuCls, CuCl, 
CoCle, AgBr, SnCle ‘pbeaxuua oOmMeHa MpoTeKaeT rlaiKo, KaK NpaBuslo, 6e3 
B3pbIBa; T) B KayeCTBe MOOOUHbIX MpOLYKTOB peaKIMH He OOpasyeTca ra3oB; 
I) peak OOMeHa ABIAeTCH MOHOMOJeKYIApHOU. KoncTaHTa CKopocTH peak- 
IMM OOMeHA BLINMCAAeTCA TO ypaBHeHHt0: 

A, 


1 
K=2—4in (1-42), 
Tie ¢— Bpema B cekyHfax, A; — aKTMBHOCTbh TPH9THJIAIOMMHHA B MOMCHT 
pemenu ¢, A, — AKTMBHOCTD TpH3THaIOMMHUA MpH paBHOBecHH, T. e. TIpH 
100% o6mene; e) B cpese AuaTHIOBOrO Supa, KaK PacTBOpHTeA, CKOPOCTb 


te 2 

\OOMeHa pe3Ko Mayaer. 

 OxKcneprimMentTampuple WaHHble cBeleHbI B TAG. |. 
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Ta0 mea 


a f = > cult etd , ip -| T- ay, K-10-5, Je 
Ho6apKa ae ee ee, en FlobapKa oe oC. cek-! |{KKaa/Monb 
BiCls — 90 6,13 CuCl — 85 4,33 
—- 10) 8,82 MOR) — 100 6,23 (2vaea) 
~- AN 13) V8 — 145 8,82 
Sup} 100 | 0,052 i CoGls 2 85 1,92 
INS 0,072 9,0 — 100 3,36 0.0 
120 0,096 a tlalls) 009 . 
FeCls — 85 Bgl AgBr — 100 0,50 
— 100 6,13 8,0 — Has) 0,96 41,0 
— As 8,18 . — 135 4,82 
Qpup | 100 0,041 “TSnGls — 100 0,38 
110 0,052 13,0 — TL) 0,538 6,0 
APD) 0,086 — 135 0,77 
CuCl, -- 85 Laie: 
— 400 6,80 7,0 
_— MRS) 9,34 


Ha ocHOBaHHH H3JIO%KeHHbIX BbIINe OCOOCHHOCTeH MbI olaraeM, 4TO peak 
oOMeHa TipoTeKaeT yepe3s OOpas0BaHNe WeCTHYIeEHHOrO IWHKJIMueCKOrO KOMIIe- 
KCa C YepeAYIOMMMUCA PBYILHMHCA HW BO3HHKAIOWIMMH CBA3aMu (°,°). B KauecTBe 
oOaBoK HAMM MpHMeHAJIMCh TaJlOreHUAbI Me€TaJWJIOB, HMeIOUIMX Ha CBOMX opOH- 
Tax d-sneKTpoup. Jia 9ssleMeHTOB C d-9JIEKTpOHaMH xXapakTepHa OH30CTb 
S-, p- U d-ypoBuelt, OnaroapaA YeMy BOSMOKHbI BSaHMHbIe TepeXoObl MexKAY HAMM 
C YBeIMYeHHeEM YHCa XOJIOCTHIX WIEKTPOHOB. PacnapHBaHue SeKTPOHOB MpH- 
BOJMT K TOBbIMCHHOH BasIeHTHOCTH, B pe3YyJIbTaTe 4YerO MOFYT BOSHUKHYTb o- 
MOJIHHTEIbHbIe, 10 CPaBHEHHIO C OCHOBHOH BaJICHTHOCTbIO, CBA3H, NpMBOLANINE 
K B3aNMOMeHCTBMIO, Ka3aJlOCb Obl, «HACHILNICHHbIX» MOJIEKYJI pyr c Apyrom. 

Ilo Hamiemy MHeHMIO, peakilua OOMeHa BKJIOUAeT TPM cTaqun: 

1. Panougankws M rasloreHuy, MeTasuia OOpa3syIoT NOsApHs0BaHHOe MOVIeKy- 
JiApHoe COeMHeEHHe, B KOTOPOM BCJIECTBHe MOMApH3alWu paspbIxJIAIOTCA 
KOBaJICHTHBIe CBA3H yrulepol — ramouy 


* * 
PRORa UGG, 5 WOK, CN) 


2, TpvsTuamomMunnit 1 TOJAPHZOBaHHOe MOJeKYJIApHOe coewuHeHHe OOpa- 
3YIOT INCCTHWICHHbIN WMKIMYeCKMH KOMIUI€KC 


R-----X 
RA) + RX--MgX Ral Nox, (B) , 


3. HWecruwieHHbiit WHKIMYeCKMM KOMIVJIEKC pactajaetca Kak C pa3pbIBOM 
BOSHUKIIMX CBASeH (MYHKTHPHbIe JIMHMM, OAMH pas nepeyepKHyTble), Tak U 
C paSPbIBOM CTAPbIX PaSPbIXJICHHBIX CBASeH (CIVIOWIHbIe WMH, Bax epe- 


yep KHYTBIe) 
; R,AIR + RX + MX3 - o6mena ver 
Oo: eed 
RAC MX, (B) 
“REX 


* 
Lye R,AIR + RX + MX, - o6men ectb 


Ctaqua pacnaga WaKaMuecKoro KOMIWIeKCa, KOTOPbIi MOXKHO paccMaTpuBaTb 
KaK MIIC€BOMOJIeKyJly, ABJIACTCH MOHOMOJICKYJIAPHOH peaKunel. Cxema peak- 
HMM He Tpeqmojaraer OOpasoBaHuA ras0B KaK MOOOUHEIX MpOAYKTOB peakUMu 
oOmena. 

Hasmuve nycrod op6utst y aToma aJIIOMMHM A B TpHSTHaOMHHMH’ OOuer- 
yaeT OOpasoBanne WuKMYeCKOrO KoMMIeKca. EcTecTBeHHO Obl10 MpeMOOX*KUTh, 
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4TO CCIM MYCTYIO OPONTy aTOMAa aJIIOMMHUA 3aHATH, TO 3TO 3aTpyAHUT OOpasoBa- 
He WAKJIMYECKOrO KOMIWIEKCa, a CJleMOBaTeIbHO, 3aTpyHAeT MH OOMeH pasuKa- 
aamu. W3pecTHO, 4TO TpHsTHIaOMMHM OOpasyeT C LUSTHIOBLIM S@upoM abu- 
Pat, ABMAIONIMHCA OUCH, YCTOMYMBEIM CoequHeHHem. IlosTOMy MbI NpOBeH u3y- 
weHue OOMeHA B Mccyeylyemoli cucTeme B cpeye AMSTHIOBOrO Supa, Korga nycTaa 
OpOuTa aTOMa aJIOMMHUA 3aHATa NyTeM OGpasoBaHHA LOHOPHO-allenTopHOl cBA- 
a er aJIOMHHHeM H KMCyIOpojlom apupa. B stom caryuae OOMeH pe3KO MajaeT 
TaOn. 1). 


Takum o6pa30M, OTMe¥eHHBIe BbILIe OCOOCHHOCTH peakIMMH XOpomIO cora- 
Cy!0TCA C NpefviaraemMbIM Mex aHH3MOM OOmeHa. 


ABTOpbl BeCbMa IIpu3HaTeIbHBI wWi.-Kopp. AH CCCP TI. A. Pasysaesy 3a 
oOcyxKJeHve aHHOM paGorTni. 


HayuHo-nccnenopatTesbCKHit HHCTHTyT XHMHH Tlocrynusio0 
mph ToppbkKoBcKom rocyyapcTBeHHOM YyHHBepcutTerte 8 VI 1960 
um. H. H. Jlo6auesckoro 


HWMTHPOBAHHAS, JIMNTEPATYPA 


Kopwyuos, P. B. AmMenyunukaa H Op., MKOX, 29, 1992 (1959). 
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A. Il. Batawos, PKOX, 29, 4048 (1959), *H. A. Kopmyuos, 
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p X, 28, 47 (1958). °® HA. K. CupKuu, Msp. AH CCCP, 
, 1959, Ne 2, 2388. © A. K. CupKuu, Hsp. AH CCCP, OXH, 1959, Ne 4, 600. 
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XHMHA 


B. M. BAOBHH, K. C. MYWIEBASA, H. A. BEJIAKOBA, P. CYJITAHOB, 
A. ®. TJIAT9 wu uaen-Koppecnonyent AH CCCP A. Jl. NETPOB 


NPOWM3BOAHbIE CHJIAHOB C YIJIEBOXJOPOJHbBIMH MOCTHKAMU 
MEXK]AY ATOMAMH KPEMHHA 


O NOJIMMEPH3ALHH = 1,1-THMETHJICHJIMKAUWMK JIONEHTAHA 


B paOorax (!,2) rpema u3 Hac Obla onMcana cneumbwueckad JIA XMMHHI 
KP€MHHMOpraHwyecKHX COeIMHEHHH peakKUMA MOJIMKOHJeHCaMM MC IaHOB| 
C YII€BOLOPOAHEIMH MOCTHKaMM MexKily aTOMaMH KPeMHHA, NpOXxo_Aulan Mog, 
jlelicTBueM TaJIOreHHoB asiOMHHHMaA. Tak, B cCjydae coeqMHeHHH THMa 
(CHs)s Si (CH2), Si (CHs)s, rye Rk = 1, 2, 3, 6, peakuua mpoxonuma c o6paso-| 
BaHHeM TeTPaMeTHJICHaHa HW MOJIMMePHbIX KPCMHEYIvIeBOROpOOB, COCTOSAIIAX| 
M3 MOBTOPAIOMUxXcA rpymmupoBok = Si (CH2), Si =, mpwuyem B 3aBHCHMOCTH | 
oT ycOBHH peaKIMH uM 3Ha4yeHHa Rk NomyyaiMch WAkKaMuecKue (Tuna) 
[—(CHs)2 Si (CHe2),— Jn), muHetuHple (runa CHs[Si (CHs)2 CHe),], Si (CHs3)s)| 
WJM TpeXMepHbIe MOJHMepbl. Dra peakUMA ABJIAeTCA, OUEBH HO, COME AA Co-| 
eqmHenuit (CHs)s Si — R — Si (CHs)s-Trunma; HaMM ycTaHOBJIeHO, B YaCTHOCTH, 
yuTo mpu — R — apvuien Moy JelicTBueM FasIOreHU OB aJIIOMHHU A TAK Ke MpOXOLUT 
peakUMa YIWIOTHEHHA ITHX KpeMHeyrvieBogopogzosB. IIpuunua Takoro HarlpaB- 
JI@HHA TEUCHHA PeaKIMMH, MO HalleMy MHEHHIO, 3aKOUaeTCA B HepaBHOLeHHOH 
ycroluupocru cpa3sH = Si— CHs u = Si — R — (menpiei B mocmeqHem 
curyuae) MOM MevicTBveM TaJIOreHHOB asIOMHHHS. 

B wactosmeH paOoTe MbI H3y4HJIM JeucTBHe TaJIOreHHJOB aJIIOMHHHA Ha’ 
1,1-2uMeTHJICHIMKauMKJIoneHTaH. PaccMaTpWBad 9TOT KPeMHeYyIrvIeBOqOpoy Kak) 
cBoeoOpasHoe MOCTHKOBOe COeMHeHHe, B KOTOPOM pazHKasl — R —cBa3au C!} 
OAHHM HM TeM 2%Ke ATOMOM KPeMHUA, MbI MOaradu, 4To HU 3fecb = Si — (CHa)! 
OyqeT Coulee AKTHBHOH pH elicrsuu AlX3, vem cBa3b = Si — CH. B 93rom| 
culyuae MOX%KHO ObIVIO OMRKULATh OOPpas0BaHHA peaKUMOHHOCMOCOOHOTO paluKasa 
— Si (CHs)2xCH2CH2CH2CHz —. OxcnepHMeHTabHble aHHble MomTBepAMIH. 
Halle MpesnosovwKenve. OKa3asiocb, uro B npucytcTBuu AlCl; u AlBrs mpoxoguT 
cneluMpuyeckad peakUMA MOMMepH3aluu, KOTOpad Moker ObITb MpescraBsena 
cxemon (A): i 


; AlXg : 
(CHs3)2 Si (CH2)a ——- [(CHs)2 Si (CH2)q]-AleaX6 = 


— [— (CHs)2 Si (CH2)4 —]- Al2X¢ > — [Si (CHs)2 CHxCHsCH2CHz], —+:AleXs. (A) 


IIpespamenve NpoxXoquT BeCbMa 3HEprH4HO Mp KpaTKOBpeMeHHOM HarpeBaHuu 
cHylaHa C KaTasIM3aTopoM *. Ja JoKa3aTeJIbcTBa CTpOeHHA MoyyYeHHOrO Mpo-} 
ykTa MbI OCYIeCTBHJIM BCTPeYHbIt CHHTe3 MOJMMepa, COCTOAINero 43 aHaJo-| 
rHUHBIX (pparMeHTos, mo cxeme (B): | 


Al,Bre | 
(CHs)3 SiCHeCH2CH2CHaSi (CHs)3 ——> — [SiCHyCH2CH2CHe],—-+ Si(CHs)a._ (B) 
| 
(B nomMMepe) 
* B MpoTHBOMOO*KHOCTh STOMyY pH B3aHMOselicTBHH 1,1-yHMeTHICHIMKauMKMOMeHTAaHa | 


C KOHN. H2SO«, Kak OblIO MOKa3aHO paHee (8), MPOHCXOAHT KOMUeCTBEHHO pa3spHIB CBASH] 
= Si — CHs, a caa3p = Si — (CHy)4 — B WHKse He 3aTparnBaerca. 
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M.-k. cnekTpbl nmomumMepoB * (cm. puc. 1), mpuroropneHHEIx mo cxemam A 
(cnextp I) # B (cnextp II), uqentwuner, uTo aeT OCHOBaHMe CUuTaTS HeHTUU- 
HOH M CTpyKTypy S/leMeHTapHbIX 3BeHbeB, OOpasylONMX STM MoHMepH. CyaA 
lo cnektpy 1,4-rexcamerusqucusmi6ytana (cnextp III) crpoenue SJIEMeHTap- 


15001400 ___—*'1300_~—=«1200-~=— 00 = 1000 ~—— 900 800 700 cw! 
100% 


3s 
fponycranue 


1300 1400 =61300 = 1200 ~— 00 1000 ~=—- 900 800 700 tm 


i Puc. 1. W.-k. cnekrpbi HCXOqHbIX H MOJIHMepHbIX CoezuHeHHH. J — nomn- 
Mep§l,1-qumeruacunuKkauuKjonentana, JJ — noftumep 1,4-rekcameTusiqH- 
cuiunOyTaHa, [J] — 1,4-rexcameruigucuinn6ytan, //—1,1-numeruaicuan- 

KallMKJIONeHTaH 


OPO 3BeHa IOJIMMepoOB TaKoe Ke, Kak Y STOO MOHOMePHOPO CoeHHEHHA; B CII€KT- 
pax | u II npucytcrByrot xapaxktepupie Auta II] monocet 740, 1005, 1060, 1075 u 
1195 cm?. B To xe Bpema cnextp 1,1-aMmeTMicumuKauuKsoneHtTaHa (IV) 3amer- 
HO OTMMYaeTCA OT CHeKTpa I. 
,. MoxkHo oTMeTHTb, 4TO B OOaCTH BaJIeHTHIX KOIeOaHuit C—C-cBaseit 
'B ClieKTpax MoHomepa III u nonumepos I, II umerorcs movtocpt 1060 u 1075 cw} 
© Pa3JIM4UHBIM OTHOCHTEIbHbIM pacipesesieHHeM MHTeHCHBHOCTH B KaxKOM U3 
STHX CHeKTPOB. Bo3MoxHO, JTO 3TO pasMyve OODACHAeTCA IpocTpaHCTBeHHbIM 
|pacnionoxweHvem (MOBTOpHOM M30mepHeli) wemeli C—C—C B MoHomepax uM MouH- 
Mepax. 

Mcxomkuue BemectTBa. Cuutes 1,1-qumeTuncunuKallMukoneHTtaHa 
im 1,4-rekcameTHIfucuIMGyTaHa OCYIIeCTBIAJICA TO OMMCaHHbIM MeTojam (?,°) 
‘Mcxofa us 1,4-"u6pomO6ytrana. 1,4-lexcameTusqucuiMiOyTaH Molyuaica cuye- 
yioulum mytem. K 60 r (CHs)sSiCHeCHeCH = CHez (°) uw 2 Kanaam 
0,1 N pacrsopa HePtCl, B usonponvmoBom criMpTe MeqvieHHO mpHOaBasaau 40 r 
MeTHIJUXOpcHiaHa pH KunaAueHuu cmecH. [locue Toro Kak TemMepaTypa cMecH 
focturma 125°, no6apunu ene 14 r meTHIIMxXOpCHaHa M 3aTeM KHMNATHIM 


' 


_ * U.-k. cnekTpbl CHuMaIucb Ha npHOope MKC-12 B o6actu 700—1300 cm™! B TOHKOM culoe 
Mex y cTeKaMH HB O6sacTH 13890—1500 cm! B coe 0,1 MM; mpu3ma NaCl. 
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emecb 4 uaca. PasronKoli nomyyeno 65,5 r (63% Teopuu) 1-TpumeTuncnaua-4- 
MeTHILUxsopcwiMa6yTana, T. KUM. 220—223°, nip 1,4445; dj? 0,9625. MRp - 
Haiizeno 67,2, BpluncueHo 67,0. Haitizeno %: Cl 29,4; 29,5. Brruucneno Ana 
SieC, Hk, 29,25. | 
BgavmoyelictBvem MeTHIMarHuiixnopHga (43 30 r Mg) u 82 r (CHs)sSiCH2- 
CH2CH2CH.SiCleCHs B 800 ma a6c. supa nosyuen 1,4-rekcameTusyucnin6yTaH 
eT. kun. 1938—200°. PasroHKol cbIporo NpoLykTa Ha KOIOHKe B 20T. T. mony- | 
yeHo 80 r (95% Teopun) AucHaMN6yTaHa c T. Kum. 196—7° (aTu.), np 1,4270; | 
d,° 0,7655. CpoficTBa M CHeKTpbl Mpelapata, NOyYeHHOrO STAM MeTOJOM HM Me | 
Tojiom (°), HJeHTHUHBI. a 
TlomumMepusauua lIl-tWHMCTHACHAUKANUKAONEH-| 
tTaua. 5,16 r (CHs)2Si(CH2)4 u 0,34 r (2,6 mon.%) AIBrs HarpeBanu B Teue- | 
Hue 2 mun. upH 120—130° B Kole c OOpaTHBIM XOJOLMIbHUKOM Ip SHEprHyHon | 
NepeMelwMBaHHH CMeCH MarHHTHOH MewiankoH. I]pu 9Tom cojepxuMoe KOVIOBI, | 
He 3aKMMeB, IpeBpaTHOCb B CBETJIO-2KeJTYIO Mpospaunylo H OUCH BASKYIO Mac- 
cy. Bec peakUuHoHHOM cmecH ocie mowMMepwsauun 5,47 r. Tlonumep Opi pac- 
TBopeH B 50 Mi apupa, SpupHbI pacTBOp MIPOMBIT HeECKONbKO pas AMCTHIMpO- 
BaHHOl BOOM Hu BLICyUIeH Hay CaCle. Ilocuie otroHKM Supa HW BAKYYMMPOBaHMA | 
octaTKa mp 70—80°/3 mM B TeyeHHe 4aca NoyyeH NoMMep (4,1 r — 80% Teo- | 
pHu), OY€Hb BAZKOe, MOUTH CTeKNOOOPasHoe, MpospauHoe, OecIBeTHOE BELILECTBO, | 
pacTBopHMoe B GeH3oule, aueToHe, SdPpupe. Mow. Bec (cpequun) 1930 (Kpxo- 
CKOMIMYeCKH B OeH3OuIe). QeMeHTapHBIN aHaJHs: 
Hatigeno %: Si 24,6; 24,6: ¢ 
—Si(CH3)s>CH2zCH2CHeCH,_—. Bprucaeno %: Si 24,6; G 


635d 627 eile 2 ee 
63,4; Jil ao: 


T]pu ucnob30BaHHy MasbIx KomMuyecTB AlBrs (400,3 Moa. %) wa (C2H;)sBrsAle f 
(go 15,0 mon.%) TomMMepH3aluA He Npoxoswia Jake npH 4—8-yacoBom kuns- f 
yeHuu cmecH. IIpumenenve 2—5 mon.% AICls B yKa3aHHOH peakUMM NpHBosuT § 
K OOpa30BaHuIo0 aHaOrM4uHoro ToMMepa. bosiee NpOONKUTebHOe HarpeBauHue 
peakUMOHHOM cMecH TIpH Temmepatype Bpmue 120—130° mpuBogut, BepoaTHo, 
K CTpyKTYpHpOBaHHio JIMHeEHHOFO MOJMMepa, MOLOOHO TOMY KaK 9TO HaOMOAaOC | 
HamMH pauee(*). Tak Np mpoBesenun peakiwu mexty 4,15 r (CHs)eSi(CHe)af 
uv 0,17 r AIC], npn 150—160° o6pasoBasca KayuyKooOpasHbIi nomumep. § 
TlocneqHuH nocsie U3MeJIbYCHHA JIMIIb UAaCTHOHO pacTBOpsAJICA B KHNAIIeM 6eH30- J 
ne. Tlocie o6b4HOH OOpaOoTKM CeH3OJIbHOM BbITAXKKHA HM BAaKYYMUpPOBaHUA pac- § 
TBOpHMoro MowHMepa mpH 110—120° (5 mm) 6bi10 nomyyeHo 0,8 r x%enTOrO BAB- | 
Koro BemlecTBa. Mou. Bec 950 (kpHocKonMyeckH B OeH3oue). 

Hammeno (fs Si) 24.03 2454 @ ba, Os) Gon. orminied zecmed ace 

SiCcsHys. Brruncneno %: Si 24,6; Cees et: Gees 


OctaBuiniica NOMMep mpescTaBisal CcoOok KayyyKooOpasHoe HepacTBopumoes 
BeEIILeCTBO. 

TlonuwKoHMeHCaALHA l4rekcaMeTHA RuUcuNOyTa- 
Ha. B xon6y C HYHCXOMAUIMM XOJOJHIbHHKOM omecTumH 26 rf 
(CHs)sSiCH2CH2CH2CHeSi(CHs)s u yodasunu AlBrs (10 mon.%); mpu sTomg 
TemllepaTypa cmecH moBbicwiacb Ha 5—6°. IIpu HarpeBaHuu cmecu (80—83°} 
B ky6e) OTrOHAICA TeTpameTHcunaH (T. Kun. 26—27°; nj) 1,3600). Tocne Toro, 
Kak Bec KOHJeHCcaTa octur 10,9 r, peaKUMOHHaA CMCCb MOMCHTAJIbHO H3 NOABH2K-§ 
HOM 2%KHAKOCTH TpeBpaTHiacb B Mpo3spayHoe KayyyKoOoOpasHoe BellecTBO, H 
varpeBaHne OblJio MpekpatieHo. Bec ocTaBuleroca B Ko6e BemlecTBal8,7 r.} 
VismeibueHHbid nouMMep oOpaOaTbiBasicad TOpAxyHM 2XAPHpoM HU 3aTeM BOJOH.# 
[loce O6br4HON OOpa6oTKH ScPUpHOK BLITAXKKU MosyyeHo 3,5 r BASKOTO CEeTIIO-fI 
*KelTOrO nomMMepa. Mon. Bec 850 (KpHockonuyeckH B G6eH3OuIe). 


Hatimeno %: Si 25,2; C 62,6; H 12,2 
SiCsHis. Baruncneno %: Si 24,6; C 63,4; H 12,3 


OcTaBiiasca 4YacTh — GecllBeTHBI KayYyKooOpasHbIii HepacTBOpUMbIli NouMep.§ 
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B. B. TJIASOBA nu H. H. KYPHAKOB 


AUCCJIEMOBAHHE ®A3OBOrO PABHOBECHA B CHCTEME Ti;Sn — Zr 
(II pedcmasaexno axademukom H. H. Yepnaesoim 8 VII 1960) 


B pa6orax (',”) Oblo moKka3aHO, ¥YTO B ABOMHOM CHcTeme THTAH — OJOBO 
MexKAy HU3KOTeMiepaTypHOH MOAMHKAaWMeH THTaHa HM XHMHYeECKMM CoeMHe- § 
Hvem TisSn oOpa3yeTca HerpepbIBHblii pay, TBEPAbIx pacTBopoB. IIpu 3ToM ObwIO 
OTMeYeHO BeCbMa OaFOMpHATHOe COOTHOMIeHHe MeXKAY aTOMHbIMA pasMycamu 
B peuleTKax o& — Ti u Ti,Sn (qua KoopquHauMonHoro uucsia 12). U3pectuo, yTo | 
Ip KOH — OuMKaiMIMi AHaOr THTaHa; Kak MexKAy a-, TaK HX Mexy P-mogn- 
(UK AalMAMU WHPKOHUA MW THTaHa CyIlecTByeT HeOrpaHHyeHHad B3aHMHaA pacTBO- Ff 
pumoctp (*°). CpaBHHTebHBI aHasM3 cTpyKTyp « — Zr u TisSn moKa3pipaet, 
4YTO OHM TakxKe YJOBJIETBOPAIOT OCHOBHbIM TpeOoBaHusam (*) Jud OOpas0BaHuA 
HeNpepbIBHOTO psa TBepAbIX PaCTBOPOB. 

B CBA3H C STHM TpeCTaBsIAeT H3BeCTHbIM TeopeTH4ecKHH HTepec M3y4eHHe 
cbasoBoro paBHOBeCHA B CiWaBax, (PHrypaTHBHble TOUKH KOTOPbIX pacOJaraloT- 
ca Ha paspese TisSn — Zr KOHIeHTpalMOHHOrO TpeyrouwbHuKka Ti — Zr — Sn. 

C mpakTwyecKoH TOUKH 3peHHA STO UccIeMOBaHve Mose3HO B CBA3H C BO3- 
MOXKHOCTAMM M3bICKAaHMA HOBbIX KOMMO3HIMM CIIaBOB, O6aarolnlMx MHTepec- | 
HbIMM (W3MKO-XMMMYeCKHMH CBOHCTBaMH. JIA oOcyIecTBIeHHA mMocTaBJIeHHOK 
B padoTe 3a,aun ObLIM MpMrOTOBJIeHb CiJlaBbl WHPKOHHA Cc CoesqMHeHHeM TigSn. | 
CoctaB ciiaBOB 10 aHHbIM XMMMYeCKOrO aHasH3a MpHBeseH B Tabs. |. 


Ta6Oauua 1 
XUMHYeECKHH COCTaB HCCJI€OBaHHbIX CMaBoB (B Bec. %) 


NoNo NoNe 

cnva- Ti LE Sn cmvia- Ti Zr Sn 
BOB BOB 

4] 51,9 Ute) || AE 9) PREG) |) LEAS) | P2215) 
7 AQP 2n | MORO EZOR Sai e0, PEN ta) || ZA0).(8 
3 BY Wen || Shek 11 Ney | evans) |) G41 
4 LA 2 MOO Song We A) |) AO) |) alt 4 
i AD ntss || Za) || B42 13 Mile Av. 8,9 
6 BH i BOA | Be 14 8,4 | 84,6 G0 
il 8) || 28),9) | 27,2 IS OnOnIOORee Dl 
8 HO) co || Fey tes || AYA.) 16 fy || SMA i Da 


B KauvecTBe UCXOJHBIX MaTepHasOB [WIA IpMrOTOBJIEHHA CIaBOB UCHOMb30Ba- 
Ji MarHuntepMuyeckui TuTaH MapKu TT-00 (99,8% Ti), HoAM_HEI nupKonMit 
(99,9% Zr) u auratypy Ti—Snc collep»xaHnem 67,5% osoBa. CruiaBbi roToBH- 
JIM M€TOAOM HHAYKUMOHHOH OecTHrebHOH WwaBKH BO B3BelICHHOM COCTOAHHH 
(*). OTo HavOouee GnaronpHATHbI MeTo, JWI MOJyYeHUA ciWaBoB np uccare- 
OBAaHHH *MarpaMM COCTOAHMA, MOSBOMAIONIMH S3HAYHTeIbHO COKpaTHTb BpeMa 
TOMOPeHH3MpYlOllero OTKULa WIA MPHBeJeHHA HX B PaBHOBecHoe cocTosHHe (°). 

JIurbie ciaBbl Obl MOLBeprHyTH! Behopmanwu (~ Ha 20%) (3a ucKmoue- 
HHEM CI1aBOB, O/IM3KUX 10 CocTaBy K CcoeqMHeHMIO TisSn) u romoreHusupyromlemy 
orxury pu 800°. OdpasuLl mMomenamvch B 9BaKYMpOBaHHble 10 10-4 mm pr. cr. 
400 


K cmamoe B. B. Taaszoeoti u H. H. Kypxakoea, cmp. 100 


Puc. 1. Mukpoctpyktypbl HeKOTOppIxX cnaBoB cHcTembl TigSn —.Zr nocwe omkura Hu 

3aKaJIKH B Boe. a — 30 Bec.% Zr npn 800° (monuaapHueckad cTpyKTypa Y¥ (a)); 6 — 

30 Bec.% Zr mpu 1000° (aByxtbasHaa ctpyKTvpa 7 -+ 8); 6 — 50 Bec.% Zr mpu 1000° 

(aByxtpasHaad crpyKtypa y+ 2); e— 80 Bec.% Zr npn 1000° (oqnocdasHasd HrombuaTad 
cTpyktTypa a’). 200 x 


K cmamee IT. H. Bpoexoea u T. A. Mockaaenxo, cmp. 163 


Puc. 2. a — menToOxmOpuT-ooHTOBbIM Meprewb; HaOmOawWTCA CHAePHTH3allHA (C) OOMHTOB H 
cna6aad MupuTHsaunaA (n) memMeHta (oGpasey Ne 1188). 6 — ruqporerTut-ooHTOBLI CHepHTH- 
3HPOBAaHHblli (c) Mepreab; CHePUT YACTHYHO OKUCIeH, NOyNpospaunblt. Buen O610MOK OOVIH- 
TOBOH mopogp (xX) (odpasem Ne 1190a). 6 — MeNTOXJOPHTOBbIe= OOMHTHI B CHACPHTH3HPOBaH- 
HOM (C) TIMHMCTO-aleBPpOMHTOBOM WeMeHTe<rpaBeNHTa; CHAeCPHT 3HAUHTebHO OKHCJIeH, MOJy- 
mpospaunpit (o6pasen Ne 1191). Hukoan ||, 67 x 


K cmamoe A. B. Pydxnecott u T. A. Maaouuesot, cmp. 191 


Puc. 4. Jle6aerpamMbl WemaHHta (a) H MepoBcKuTa (6) 


' 


| Bostyxa wepes KBapIl, aMIlyJIbl C OOpaslaMM 3anavBalM B SBAaKyVpOBaHHbIe 
| AMITYJIBI OoubIero AMametpa, B NpomexyTKH M@XK]Y aMIlyJIaMH TMOMelulaiu B Ka- 
_uecTBe retTepa 4HCTYIO THTaHOByIO ryOKky. Takada meToquKa oOHOCTHIO 
| MCKIONaIa BO3MOKHOCTH SarpASHEHHA CIWIAaBOB rasaMu B Mpowecce oTKuTrA. 
TomoreHvsvpoBaHHble ciaBbl WcceloBaM nos MUkKpocKkotiom. B kKauecTBe 


TPaBUTeNA MIA BbIABJICHHA MUKPOCTpyKTYpbl HCMOMb3OBaIM CMeCb, COCTOSILILY10 
43 OfHOK “actu HNOs, ofHon uactu HF 


“M (ByX 4acteli rmuyepwua (10 oObemy). Cy 
MuxkpockonuueckHit aHanus cmaBoB 1800 
| Mocie oTKura B TeyeHve 1500 aac. 

mpH,800° moKka3am, YTO Bce OHM ABMAOT- aii 508 


“cALOMHOasHEIMH M MMeIOT Tosa ZpHue- 


_H SallaiHHble KBapleBple amiysb. Ja Toro uToObl mpexoTBpatuTh uddby3snto 


i hon 2 40D Th,8n 20 40 WO «BO Er 
CS bec oir tS 

‘ Puc. 2. SaBucumocTb TBepMOcTH OT Puce. 3. Kpa3su6unapHasd Avarpam- 
; coctaBa cmuiaBoBp TisSn — Zr moc- Ma coctosHua TigSn — Zr. 


Jie omKura mpx 800, 1000 x 1200° 

H 3aKaJIKH B BOJe (COOTBETCTBCH- 
HO KpuBble /, 2, 3). 
'ckyl0 CTpyKTypy. STo yKa3bipaeT Ha CyIeCTBOBaHHe HelpepbiBHoro ps#fla TBep- 
JbIX PaCTBOPOB Mex Ly o-lMpkKoHHem u CcoesqMHeHHeM TisSn. Ilocme omKura npu 
800° Bce cnmaBb Obl MocseqoBaTeIbHO OTORKeHbI mpH 1000° u 1200° B Teue- 
‘He COOTBeTCTBeEHHO 150 u 200 4ac. W 3aKaJIeHbl C yKa3aHHbIX TemMepaTyp B Bose. 
Muxkpockonuueckuit ananu3 3aKaeHHbIX OOpa3ll0B Ja cuiefyollyio KapTHHy 
@asoBoro paBHOBecla B MCceMyeMOH CHcTeMe IIpH yKa3aHHbIx TemMepatTypax. 
To ~22 Bec.% WHpKOHMA BCe CIVIaBbl ABIAIOTCA OHO*AaSHbIMH M MMeIOT I10- 
JIMS pMuecky!lo CTpyKTypy, MpakTHyecKH HMYeM HE OTVIMUAIOMLyIOCA OT TOM, KO- 
“Topaa Mena mecTo mocuie oTKura pH 800°. Haunnaa c yka3anHoit KOHIeHTpa- 
IHU, JabHelimee yBenuueHHe COjepxKaHHA UMPKOHUA IpHBOAMT K MOABJEHHIO 
_B CTpyKType cnmaBoB BToOpol cpa3bl, KOJIMYeCTBO KOTOPOH 3aKOHOMEPHO yBeJH- 
‘uuBaetca. Haunuasn tpumepHo c 55% WHpKOHUA, BTOpad (pasa umeeT CTpyKTypy 
a’. 3akanenupie c 1000° u 1200° cnumaBpl, coyepxamme 80 Bec.% WupKOHHA ui 
BpIUe, MMeIOoT OAHOpasHy10 a’-ctpyKTypy. Ha puc. | npuBezeHbl mMakpocTpyktTy- 
Pl HEKOTOPHIX CIaBOB, WJIOCTpupyloumMe OMNcaHHyIo KapTHHy (asoBoro 
paBHosBecua B cucTeme TisSn — Zr. 
_ Ha puc. 2 mpefcrapneHbl 3aBHCHMOCTH TBepfOCcTH OT cocTaBa CIWIaBoB 
isSn — Zr, 3aKaneHHblx rocne oTaKura upu 800, 1000 u 1200°. M3mepenua 
TBepOcTH MpoMsBOsMIHCh Ha mpHOope Buxkepca mpu Harpysxe 10 xr. M3 puc. 2 
elyeT, YTO 3ABHCHMOCTb TBepOCTH OT cocTaBa CMaBOB, 3aKaeHHEIx C 800° 
(KpuBaa /), XxapaKTepusyeTcd 11aBHOH KpMBOH C MaKCHMYMOM MM SABUeTCA 
‘THNWMUHOK JIA cCHCTeM C HEeIIpepbIBHbIM PxAOM TBepAbIX PaCTBOPOB, Tora 
“Kak aHasloruuHble 3aBMCHMOCTH JIA CiwaBOoB, 3aKameHHBIxX c 1000 u 1200* 
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(KpuBpie 2 n 3), XapaKTepH3yIOT Pa3pbIB PaCTBOPHMOCTH, TIpHyeM B AByxpa3- 
HOM OOACTH TBeEpOCTh MeHAeTCH MpakTHYeCKH MO 3aKOHY aflMTHBHOCTH. [lepe- | 
NOMbI Ha KPHBbIX 38aBHCHMOCTH TBeEPMOCTH OT COCTaBa CIaBOB, 3aKae€HHbIX 
c 1000 u 1200°, nosBonsIoT HaMeTHTb TpaHHlly, pasemoulyio oOacTH y U 
y +f, a taxwxe y +f u B. 

Ha ocHoBaHHu J[AHHbIX MUKPOCKOMMYeCKOLO aHaH3a, ATAKKEe U3MepeHnnit 
TBEPAOCTH MOMKHO 3aKMIOUNTh, UTO paspes Ti,Sn — Zr TpowHoOH CHCTeMbI 
Ti — Zr — Sn saBasetca KBa3HOMHapHEM. 

Jina mocTpoeHix KBa3HOMHapHOH AMarpamMbl cocToxuua TisSn — Zr Opi 
ACHONb30BaH MeTO], BbICOKOTeMMepaTypHoro OeCKOHTaKTHOrO TepMM4ecKoro 
aHaJIM3a, OTJIMYaIOULeroca BbICOKOH YYBCTBUTEbHOCTHIO H MO3BOJIAIOMLerO oMnpe- 
IeATb TeMMepaTypbl PasOBLIX MepeXOAOB BIWIOTh 20 3000° (7°). 

O6pa3ibl cm1aBoB Becom |—2 r NomemmaHcb B THMIM V3 OKMCH WMpKOHMA. 
Harpep mpon3Bofusica B aTMocepe OUYHUIeEHHOrO Te, KOTOPbIM 3anOJHA- 
jlaCb KaMepa mean mocse OTKAYKH 10 ~10 * mM prt. cr. 3anvcb TepMorpamM Tpo- 
W3BOMMIaCb B KOOPAMHATAX Pa3HOCTb TewnepaTyp OOpasila H 3TaIOHa — BpemaA. 
Ha TepmMorpamMMax, CHATHIX CocnmaBoB TisSn —Zn, 6blm0 OTMedeHO, KAaK IIpa- | 
BUJIO, 110 [Ba TeIIOBbIX 9pipekTa. Y ciaBoB, cofepxamux 30,1 %n 39,9 Bec. % | 


. Zr, OblIO OTMeYeHO TPH TeIWIOBIX 9p- 
Ta6muna 2 j 
. tbeKTa, a y cnaBac 49,9% Zr —Toup- 
Temmepaty pbl @asoBbix MmpeBpalleaut KO OJMH TeNJIOBOK appekt pu 1540°. 
a ee ee B ta6n. 2 npuBeseHbl Temmepatypbi 


ee ae OTM€4YeCHHBIX Ha TepMOrpaMMax TerJI0- 
BoB, Bec. % I | II | 11 BIX 3pPeKTOB Mp HCCeOBaHHH civa- 
BoB TisSn — Zr. 
(0 1660 1620 ma IloctpoeHHad moO 3THM WaHHbIM, a 
19,9 1648 1565 cs TaK2Ke 110 LAHHbIM HCCIeROBAHUH MUKpo- 
30,1 1627 1540 | 1000 CTPYKTYPbI H TBeEpLOCTH CMWIaBOB paBHO- 
ae iors : 895 , pecHat KBa3HOMHapHad juarpamma 
550 1629 15 TisSn — Zr, mpuBeyena ua puc. 3. 
15 ne CreyqyeT OTMeETHTb, 4TO JO HacTos- 
15 
iN 


we Ds 
Oo 


@ Os < 
| 
i 


64,3 1700 
74,0 1780 -- ero BpeMeHH JIMHHM JMKBULyca B Wna- | 
= 1835 oe rpaMMax COCTOMHUA Ha OCHOBe THTaHa Hf 

IMpKOHMA MpaKTHYeCKH He CTPOWJIHCb | 

B CBASH C 3aTPYHCHHAMH B MpOBeeHHH TepMMYeCKOFO aHaJIN3a CTOMb BbICOKO- | 

TeMMepaTYPpHbIX MH XMMMYECKH AKTHBHbIX MaTepHasoB. TlosTomy B CNpaBOUHON | 

muTepaType 10 AHarpaMMaM THTaHa VM WMPpKOHHA JIMHWM JMKBMyCca, Kak Mpa- | 

BUJIO, MaloTcd MYHKTHpom. 

[Ipumenenve G6ecKOHTaKTHOM Tepmorpadwu B WaHHOM CJlygae TO3BONMIO 
NOMHMMO OMpeevIeHHA TOUeK COMAyca U *asoBbIX MepexOJOB B TBEPJLOM COCTOA- . 
HMM, 3apUKCMpOBaTb TakxKe TemMepaTypbl JIMKBUAYCa, COOTBETCTBYIONIMe BbI-~ 
AeeHHIO MepBHYHbIX KpHcTaoB y u Bp. 

M3 puc. 3cuelyeT, uTO paBHoBecue MexKy B-mosuduKalvelt WHpKOHHA UM Co- 
euHeHvem TisSn oOnMcbIBaeTCA JMarpaMMOH COCTOAHHA 9BTeKTMYeCKOrO TuTa 
C OrpaHHyYeHHOM PaCTBOPHMOCTHIO B TBEPAOM COCTOAHMM. Temmepatypa 9BTeKTH- 
yeCKOrO TpeppalleHiat paBHa ~1540°; KOHMWeHTpalwaA IBTeEKTMYeCKON TOUKH 
cooTBeTcTByeT ~50 Bec.% Zr. Mexyay a-mMoqudukalMeh UWHpKOHHA MW COeMMHe- 
Hem TisSn o6pa3yetTca HeMpepbIBHbI pAL TBepALIX PpacTBOpoB. 

Ecau cpaBHuTb moulyyeHHy1o Auarpammy c fuarpammoh TisSn —- Ti, To. 
Spocaerca B rasa MOLOOHe reomeTpHyecKHX OOPa3llOB, OMMCbIBaIOINMX tpasoBoe 
paBHOBecHe B 3THX CHCTeMaX, YTO B H3BeCTHOM CTeMeHH YKa3bIBaeT Ha JaleKo 
HLYULYIO XMMMYeCKYIO AHAJIOrHIO MeKAY THTAHOM MW WHpKOHHeM. CuleqyeT, ofHa- 
KO, OTMETHTb, 4TO IA JOCTHXKeHHA paBHOBeCHA H Nosyyenua mpu 800° Bcex 
CIWIaBOB OLHOPa3sHBIMH, B CHcTeme TisSn — Ti TpeOyeTcaA oueHb AHTeIbHbIN 
TOMOreHH3UpYylOllMH OTAKUP, Tora kak B CucTeme TisSn — Zr paBHoBecne J0- 
cTuraeTcA ropa3o serue. OTO, MO-BHAMMOMY, YKa3bIBaeT Ha TO, YTO CKOPOCTb 
Audpysun B cucreme TisSn — Zr np coorTBeTcTBy1ouux TeMMlepaTypax 3HagH- 
TeJIbHO BBIIe. 
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Ha ocHoBaHuu Toro, 4To ucceqOBaHHBI paspes TisSn—Zr tTpoiinoli qna- 
Tpammbl coctoxuua Ti — Zr — Sn aBnserca KBa3suOMHapHbIM, BO3MOXHO TIpo- 
 W3BeCTH TpHaHryAlMIO STO CucTembI (1°,1!) (cm. puc. 4). OurypaTuBuasd TouKa, 

COOTBeTCTBYIOMad CoeqMHeHMIO TisSn, B STO 4YACTH AHarpaMMbI AB/JIAeTCA y3v10- 
| BO. CreqoBaTesbHO, nomuMo paspesa TisSn — Zr JosxKHbI, BepOATHO, peasibHO 
cyuecTBOBAaTE paspesbi TisSn — ZraSnu TisSn — Zr;Sns. Uacrb aMarpaMmbl co- 
ctoanua Ti — Zr — Sn, 3aKmouenHad B TpeyrombHuKe Ti — TisSn —Zr, mIpu 
HU3KMX TeMepaTypax MpecTaBsAeT COOOH HeNpepbIBHbIe TBep/ble pacTBOpHI. 
IIpu Gomee BbICOKMX TemMepaTypax, O¥eBHAHO, OyJeT pa3pbIB pacTBOpHMOcTH 
_M paBHosecue CTaHeT JByx(a3HbIM: y ++ 

+. 8, npwuem ctpykTypa, B 3aBMcumocTH op 

OT KOHICHTpallMu CivlaBa, JOu2KHAa ObITb 
mu60 y + 9BTeKTHKa (y + B), wH6o 
- § + sprextuKka (y + Bf) *. 

Takum oOpa30M, MeTOJaMH MHKpoO- 
CKONMUYECKOPO U TEpPMHYECKOFO AHaJIN30B, 
a TakoKe H3MepeHHAMU TBepOCTH cria- 
BOB HcCyieqOBaHO (pas0Boe paBHOBecue 
| B cucteme TisSn — Zr; nmoKa3aHO, 4TO 

cuctema TisSn — Zr ABIseTCA KBa3HOH- 
HapHOU; Ha OCHOBAaHHM OOMIMX TeopeTH- 
yeCKUX COOOpaxKeHHH LOKa3aHo cylllectT- ; 
BOBaHHe HeMpepbIBHOrO pALa TBEPABIX gay apap a DB rae 
_pacTBopoB MexKAy HH38KOTemMep aTypHoK boa % ar ee 
MOLMuKalveH WAMpKOHHA MM coeMHe- 
Hvem TisSn. IIpoussesena Tpvanry AWA 
TPOHHOH CHCTeMbI THTAH — WApkKOHN — 
OJIOBO, B pe3yJIbTaTe ero albHel- 
mad paspa6oTKa 3TOH cHcTeMbl OyeT B 3HAYHTeIbHOM Mepe oOvlerueHa. 

B 3aksroyeHve BbIPakaemM OularofapHOCTbh aBTopy MeToja OecKOHTaKTHOH 

Tepmorpajun H. A. Henymosy 3a momMoulb B IIpoBeqeHHU TepMM4eCKOrO aHa- 
J1M3a CMaBOB JaHHOM CHCTeMEI. 


Pue. 4. Tpwanryasuna Tpoltnoit cuctembl 
THTaH — IHpKOHHH — OJIOBO 


Mucrutyt metaniyprunu um. A. A. Battkosa Tloctymuo 
Axkaylemun Hayk CCCP 23 VI 1960 


1 HWHMTHPOBAHHAA JIMTEPATYPA 


PVM Ocii tian, J. Inst. Met., 84, 307 (1956)" 4B. B. Tosa aioon Ja, 
Pee puakos, JLAH, 134, 5 (1960), * EF. D. Fast, “Ree. Tray. Chem., 88, 
- Ne 9/10, 973 (1939). 4H. C. YmMaunckuih u gzp., Puzsnyeckoe meTannopegenne, M., 
1955. 5 A. A. ®oreas, W3s. AH CCCP, OTH, cep. metannyprua u Tonauso, No 2 
fee Go. &. | wasosa, HA. H. Kypaaxos, Vab. AH'COCP, OTH, cep. Metar- 
yprua u TonsmHpo, Ne 4 (1960). * H. A. Hex ymos, AsropcKoe caugerenpctBo Ne 112958 
€ tpvoputerom or 11113 1958. §®H. A. Hexymos, MK@X, 34, Ne 1 (1960). 
 *H. A. Henaymos, YctaHoska JJIA BbICOKOTeMMepaTypHOrO Oe€CKOHTaKTHOrFO TepMHYeCKOrO 
ananusa, A3sy. BHHUTH, tema 39, Ne I1-59-86/15 (1959). 1° B. AH. Anocos, C. A. To- 
-TroOuH, Ocnosupe Havana du3HKo-xumuyeckoro anamu3a, M3g. AH CCCP, 1947. 
~1 71. A. Tletpos, Tpoiinpie cuctemp, Mag. AH CCCP, 1953. 


tv 


* Vimeetca B BULy CTpyKTypa Mocwe KpHCcTaH3auuu, TaK Kak Mmoce HarpeBa oOHOdasHas 
lp HA3KHX TeMMepaTypax CilaBOB 9BTeEKTHYeCKaA CTPyKTYpHaA COCTaBIAIONLAad OTCYTCTByeT, 
a MOABIACTCH JIMLIb COOTBETCTBYIONLaA BTOpaA (pasa. 
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Jloxuage Ankagemun nayr CCCP 
1961. Tom 136, Ni 1 


XHMHA | 


B. M. KPABYUEHKO u H. C. MACTYXOBA 


JIBOMHBIE CHCTEMbI JBYXKOJIBUATHIX MOJIEKY JI 
C YUACTHEM THOHA®TEHA 


(IIpedcmaeaeno axademukom H. H. Yepuaeevim 1 VII- 1960) 


@as0pble paBHOBeCHA B CHCTEMAX, BKJIOUAIONIMX THOHATeH, B WHTepaType | 
mouTu He ocBemeHb. Murepec mpelcTaBiaeT onpeyeienve Tuma asoBbix [Ma- 
rpaMM B Co¥veTaHHAX THOHadTeHa C TAKMMM BTOPbIMH KOMIIOHCHTaMH, KOTOPbIe 
WIM OYeHb OJIM3KH K HeMy MO CTpyKType CKesleTa MOJIEKYJIbl — HHZeH, MHJOVI, 
WIM 3AKOHOMepHO OTJIMUaIOTCA — W3O0XHHONHH, 2-MeTHIHapTalMH, 3-MeTHJI- 
W30XHHOHH, 2,6-—umMeTHIHaptammH. HaxoxwkfeHwe U30paHHbIxX BelleCTB B | 
yrme WM MmpokyKTax uHedrenepepaOoTKH ompeeiaeT MpHKaqHyio Ha- | 
IIpaBJICHHOCTb padoTHl. 


S. ’ 
Puc. 1. Ceyenua mogeneii monexyn: S, u S,— Tuonabten, So — uugeH, S3 — HHZON, | 


Sa — usoxunonun, Ss — 3-merumu30xuHomuH, Sg — 2-meTuiHabranun, S7; — 2,6-qumerua- | 
HadTaJuH 


KOMMOHeEHTE CuCTeM. Tuonapren u 2-meTHIHadTanHH BATE. 
CHHTeETHYCCKHE, a MATb OCTAJIbHBIX BeLECTB HMeM KOKCOXHMMYeCKOe MpoHc- 
xoxwkeHHve. IlpeqBaputeibHo BCe OHH TUaTebHO OUMILanuch. B pesyubTaTe 
MOATOTOBKN MOJIY4eHbI MpenapaTbl C TemnepaTypaMu MiaBIeHHuaA — KpHCTaJJIH- 
3a B mpesenax + 0,1°, yKaganupiu B Taba. 1. 

MeTOAH uccnaeRoBaHUuA ABOHHEX cuctem. Menonp- 
SOBaJIMCbh YeTLIPe MeTOZa. SaBucumMocTb T, X mMexyy cocTapom X (B mMpo- | 
leHTax) CMeceli M TemMepaTypoii paBHopecua J KOHJeHCMpOBaHHHIX (bas 
onpeleiaach: a) TepMWYeCKHM aHaH30M Ha ycTaHOBKe, COOpaHHod m0 
cxeme ('); 6) BH3YaJIbHBIMH HaO/OJeHHAMM Ha TOL xe MabopaTOpHoOli ycra- | 
HOBKe; B) pay CMeceif, CHelMabHO COCTABEHHBIX, U3yUaJICA C MOMOLLbIO AHa- 
TOMETPa, MOTKIIO“ABLIeETOCA K yJIbTpaTepMocTaTy Tuma BoGcepa; r) noBeqeHue 
KOMIOHEHTOB B XKHAKOH (base onpesemAoch uKcawueli {KoompuuveHTa mpe- | 
JOMICHHA ni, [It cMeceli cocrasa X B pedpaKtomerpe no A66e. 


YCTaHOBJICHHBIe B Pe€3yYIbTAaTe ONITOB THIIbI (basOBbIx AWarpaMM — Helipe- 
PbIBHbIe TBEPbIe PacTBOPbI MW SBTeEKTHYUeCKHe CHCTeEMbI — XOPOINO YBA3bIBAIOTCA 
co CTPYKTYPHbIMH XapakTepHCTHKaMH KOMIOHEHTOB; Ha puc. l IIpeACTaBJIeHbI 
CeuvyeHHA MOeeH UX MOJICKYJI. 
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B oOpurunasbHol suTepatype cTpyKTypHbie H38MepeHHA oMMCaHE! ya 
2,6-2MMeTHIHapTaMHa, Mose ocTabHBIX 6 MoweKys Ha puc. | mocTpoeHEt 
110 yCpeHEHHEIM HIM OJM3KUM JaHHbIM, c yuerom (?,°). Llentppr aromMos cKeseta 
MOJIeKyJI Ha puc. | pacnonaraiotca B OHO ocKocTu. BaneHTuble cBa3u 
M YrJibl MIpHHMMaeM: a) B OeCH30IbHbIX M HatbTasIMHOBbIX KOMbIax: CC 1,4; 
CH 1,08A, 4a 120°; 6)85-anenHom Kombue THOHadreHa, ro THodeHy (4): 
eet ee) 2457 C8174) CH 1,08 A; 78 91 9 Y SCC’ To” 
Z CCC 113°; B) B5-anenHom kombue uHeHa, mo cbayopeny (*): CC’ 1,50; 
INA O"CH, V02A3 7 7 106°; “CC'C” 108°; /“ C’C’CH, 109°: r) Bs 5-aneH- 
HOM WHKyIe MHAOMa, TO MMppomy (°): CC’ 1,44; C’C” 1,385 A; C 1,42, / 6 108°; 

» ZCC'C’ 108°; 7 C’C’ 110°; a) asorucTErit nuK B M30XHHOMMHe u 3-mMeTHIH30- 
wunomnne. 10 TiupHanny (*): C’C” 1,39;°C’N 1,37 A; “~CC’C” 121° 7 § 119°. 
BuelliHve KOHTYPbI MOflesleH MOsIeKysI Ha puc. 1 nocTpoeHbI c HCHOsb30Ba- 
HU€M M@XKMOJEKYJAPHBIX palkuycos cOnuxKeHusa (A): Rc 1,8, Rs 1,85, Rn 1,57, 
Ry 1,17; KoHTYyp BOMOPOAHIX ATOMOB B MeTHMAaX YCJIOBHO NOKa3aH MyHKTHpoM. 
Uro kKacaerca «TOJUMHbIy MOsleseH MoeKy, TO OHA B CpeqHeM paBHa 
2Rc ~ 3,6 A. Hexoropas «BbittyKocTb» 3ameTHa Jin yuacrKa aToMa Cepbi THO- 
-Hadrena — 2R, ~ 3,7 A, wu coorpercTBeHHO MeHbIMad TOJUMHa, oTBeualonlaa 
aToMaM a30Ta — 2Rn ~ 3,2 A. Tlo mogenam 6pm paccuuTaHb! Tvwowlalw ce- 
yenna S A? u o6tempi V A® momexy.1, oTHOWIeHNA HX IIPHBOLATCH HHKe. 


al Orn ria et 


Jlpolubie cucTembl THOHadTena (X, — Bec. %, X,, —Mou. % THOHadTeHa, t, — Temmepa- 


M 
Typa® Havana KpuCcTanaMsallHn, tg — OKOHYAHHA KPHCTasMsallNn) 
Xs | Xu ae ti ES Xu th te a Xr ty te 
TuHoHadbTeH—uvuHFeuH?t 
100,00 100,0 She _— 56,46 52,9 18,0 15 18,43 16,4 4,2 2 
89,47 88, 4 28,1 27 48, 84 45,3 15,2 12 10,414 9,0 1,0 0 
80,79 78,5 25,6 24 42,90 39,4 135d 10 4,79 41 —0,2 —1 
73,914 Gay 23,6 22 26,64 23,9 6,9 5) 0,00 0,0 —1,7 _ 
67,22 64,0 21,6 19 | : 
TuoHagdbTeH—HHZON 
100,00 100-0 34,2 — 67,33 64,3 34,1 33 22,90 20,5 42,5 40 
93,25 92,3 31,6 31 59,60 56,3 35,0 34 13,42 fio 46,5 43 
87,38 85,8 31,9 34° ° || 44,414 40,8 37,0 85 6,09 Dy 49,8 47 
75,60 73,0 33,3 82 34,79 31,7 39,0 37 0,00 0,0 53,0 — 
TuHoHagmgTeH—u3sO0xHHOJUH 
100,00 100,0 31,2 — 46,70 45,8 27,8 26 21,03 | 20,9 26,6 -— 
94, 56 CHG 30,2 29 33,66 32,6 Pie 25 15,36 14,8 26,1 2450 
78,30 Rite 29,6 2 64,90 64,0 28,8 _ 4,20 4,0 25,4 24 
70,16 69,4 2952 PaO) 68,24 biee 28,6 27 0,00 0,0 24,7 -~ 
TuonagdmtreHo—2-MeTHNHAPTAIUH 
100,00 100,0 line, _— 60,10 61,5 —4,2 | —4,2 |} 21,10 ot 19,5 | —4,2 
88,37 88,9 23,0 —6 54,78 56,2 —1,1 | —4,2 || 12,65 “B53 25,2 —4,2 
79,43 80,4 15,8 —5 50,08 51), 1,8 | —4,2 6,24 6,6 30,0 — 
5 73,48 74,6 10,3 —4,2 43,24 44,6 5,9 | —4,2 0,00 0,0 34,4 —_ 
" 69,50 70,8 6,7 —4,2 1500 32,8 13,0 | —4,2 
TuHoHamTeH—Ss-MECTHMHSOXHHOAUH 
100,00 100,0 Sh pd — 73,04 74,4 M1352 ‘Bee 42, 84 4hh 39,9 Ber? 
93,81 94,2 Tet 13 69,94 7413 16,1 13,2 31,76 83,2 47,8 — 
89,16 89,8 24,4 13 66,40 67,8 20,0 13,2 20,37 21,5 54,6 _ 
83,37 84,3 20,8 13,2 56, 56 58,2 28,2 isa” 9,58 10,7 60,4 i— 
78,07 G92 17,0 13,2: 47,54 49,2 36,0 13 0,00 0,0 65.7 ~ 
75,55 76,6 VAG) ||) BE | ; 
TuHonHa@ieuo—2,06-RHMETHAHADTAAUH 
100,00 100,0 Sdni2 — { 78,30 80,8 41,2 22,0 42.10 45,9 81,5 22 
96,40 96,9 28,4 22,5 13,25 76,4 48,0 aes 15) 33,18 RAF | 68,5 22 
93,19 94,1 26,0 2280 64,37 67,8 59,9 PED {8,27 | 20,7 99,4 — 
90,94 O2R 2 24,4 eo 54,96 eho T| 70,2 eats) 9,341 ) 10.6 105,0 — 
88,65 90,1 Ppa) 22,5 47,74 deb 77,0 22 0,00 0,0 110,0 — 
83,54 85,6 32,5 D255 = 


PesyJibTaTbl onpefeseHia TeMMepaTypbl paBHOBecHsx (bas TIpH M3MeHeHHH 
' cocTaBa JIA ecru CHcTeM c yuacTHeM THOHadTeHa CoOpaHbl B Tad. 1. Orpeuato- 
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jue HM (pasoBble jMarpamMpl ¢, X wus00paxKeHbl Ha puc. 2, 
X (gBe TOUKH — THpe), 


HaHeCeHbl HW JIMHHH no, 


CHCTeMBI. 


re TakKe 
MO OHOH A Kaxkyon 


Cuctema THOHAdTeEH —HH Jeu. Haipenb nenpeppipubie TBep- 
ble pacTBopbl. CMecH KpHCTaJWJIM30BaJINCb (T1aBHJIMCb) B Y3KHX, He MpeBbILlaB- 


J0r=3 ee n 

20 a eee eee Ee paca “1 
40+ a 
20-—--— Se ree ae 
30° DO —— 34 


Mon%100 60 60 40 20 


Puc. 2. uarpamopi t, X u hn, X cHcTeM THOHadTena 


c HATeHom (J), HHONOM (2), H30XHHOMHHOM (8), 2-me- 
THAHAapTanHoM '(4), 3-meTH1H30XHHOAHHOM (5), 2,6- 


AMMeTHIHapTaiHHom (6) 


KaK TOYKH IWaBJIeHHA KOMIMOHEHTOB pa3HATCa Bcero Ha6°. 3yecb Si/Sa~ 
1,03, Vi/Va ~ 1,05 u coueranne «BpintyKsocTu» THOHaTeHa H «BOrHYTOCTH» H30- 


7161 


167 


CHy 


XHHOJMHA. JIMHuA n> GOM3Ka K IIpaMOH. 
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IHX 3°, TeMMeparypHbIx rpa- 
Huwax. Ha dasopoi tHarpamme 
t, X puc. 2, /, MMHMA Hauana | 
KPHCTaIM3alHH MpoOxowuT c_ 
BeCbMa MaJIOH  BbIITYKJIOCTHIO 
(~2° .B cpeqHei uacru) kK mpe- 
eJIbHOK (*) TpaAmMoli, KoTOpy1o 
MO?KHO IIPOBeCTH MexK]Ly TOUKa- 
MH IlJlaBJIGHHA KOMIOHEHTOB. 
CroubixKe OM3Ka K Mpelesb- | 
HOW UYTb BOrHYTAaA JIMHH A OKOH- 
yaHNA KpUCTaM3alun. OTHO- | 
WIeHHA CTPyYKTYPHbIX XapakTe- 
pHcTHK KOMMOHeHTOB: S1/S2 
~1,4,Vi/V2 ~ 1,1. uarpamma 


ns 4a puc. 2. J npamMoJMHeH- 
Ha, tum I no B. 9. Axoco- 
By (). 

CucteMa THOHAG® 
TeH—uuHLON. Ha pune. 2, 
2'npeycrapieHa JMarpamna f, 
X, XapakTepHsyloulad cepHto 
HEMPePbIBHbIX TBEPAbIX PacTBO- 
poB C HaHOOJIbUIMM pacxooBa- 
HueM TeMMepaTyp Hauvala Hu 
KOHIa KpUucTaliMsaunn ~4° 
Mp coyepxkaHHH THOHadTeHa 
~15%. JImHuM Hayasa HM KOH- 
Ua KpvcraiM3auwH TakxKe 
6IM3KH M HeCKOJIbKO (Ha 5— 
6° B cpeqHel “acTH) BOrHyTbI 
110 OTHOMIeHHIO K lpeleJIbHOH 
mpamoh. Syecb Si/S3 ~ 1,05, 
VilV3 ~ 1,06. JInnna 
ipsmMowMHeHHa, THN I. 

Bcucteme THOH ad- 
TeH U3O0XHHOAUH 
(puc. 2, 3), OOHapy2KeH pay He- 
IIpepbIBHbIX TBEPbIX pacTBO-| 
pos. JIMHHH Haualla UM KOHILa 
KpHcTaJlIM3alMH,  COOTBETCT- 
BeHHO BbIMyKJlad M BOrHYTas, 
CHMMeTPH4HO pacnolararorcs Cc 
JIBYX CTOPOH TpeyeJIbHOH mpa- 
MOH, OTKJIOHEHHA OT KOTOPOH B 
cpeqHek uactu okouio 1°. B ue- 
JioM JiMarpamma ¢, X — oueHb 
y3kana «cHrapa», pacmowoxKeH- 
Had MOUTH FOpH3OHTAaJIbHO, TaK 


60 
Dia 


oo 


Takum o6pa3oM, B AByX 43 Tpex THOHadreHcofepxKanNx cucTeMax oOHapy- 
2KEH BECbMa PeAKUH THM *asoBbix MarpamM, WJOCTpUpyIOMM mpuOsmMKeHHE 
J1mHuM ¢, X K IIpaMOJIMHeHHOMy Mpeyesy, re HelpepbiBHble TRepsble pacrBopbl 
HalieHbl C yuacTHeM OJIM3KMX MO CTpyKTYpe BTOPbIX KOMMOHeHTOB, TIpH 
AS ~ 3—5% u AV ~ 1—6%. 

Tpu cuctembl THoHadreHa ¢ roMOJIoraMy HadbrasMHa W W30XHHOJIMHa — 9BTeK- 
Tuyeckve. JIA HHX, KaK MpaBuJlo, OOHaPpyMBaNMCh Bropble SBTeKTHYeCKHE 


OCTaHOBKH Ha KDPHBbIX TeMIIepaTypa — Bpe€MA, OTMeYeCHHbIe COOTBETCTBEHHO 


Ha JMarpaMMax = aX IIpupezem BHIABJICHHbIe KOOPIHHATbI SBTEKTHYCCKH X TOUeK: 


_remnepatypa (7.",C) u cogepxanue (X-, mow.%) THOHatbreHa, yKaxKeM HaGvII0- 


Se 


ee 


Japilleeca Mepeoxsaxnenve (At, “C) KOMNOHeHTOB, KpHCTaJJIM30BaBUINXCA Tp 
MHTCHCHBHOM TepeMelIMBaHHH, HM OTMeTHM OTHOIWWeHHA AS u AV KoMMOHeHTOBR. 
Cuerema THOHadTeH~—2MeTHAHAhTaAAUH, puc. 2, 4: 
Z, 4,2°, X. 61,5 Mo. %, At rHonatprena ~2—3°, At 2-meruauahbranuna ~ 3—4°, 
AS ~ 18%, AV ~ 22%. 
Cuctema THoOHagdtTen —3-MeTHAH30XHUHOMUHH, puc. 2,5: 
Z, 13,2°, X- 74,4 Mon.%, At THoHadrena 6—8°, Af 3-merHansoxuHoMHa 8—10°, 


SAS ~ 15%, AV ~ 19%. 


Cuctema TuoHadtren—2,6-74MeTHAHAhTaAANH, pu. 2, 
6: t. 22,5°, X-.90,1 moa.%, At o6oux Komnofenton 2—3°, AS ~ 28%, 


AV ~ 36%. 


_—n 


CielopaTeJIbHO, SBTCKTHYeCKHM THI TpeX THOHadrencoxepmanllux CucTeM 
OObACHAeCTCA SHAYMTEbHLIM OTMUHeM cbopmbI (pHc. 1) H pa3mMepoB MouleKyJI 
KomMMoHeHTOB: AS > 14% u AV S 20%. 

Panee W3y4eHHad cucrema THOHAMTeH—HAhTaAAHH Xapaxte- 
pusyerca dasoBou Wuarpammon ¢, X (°), THM KOTOPpOH MOXHO CUHTaTb MpoMe- 


IKYTOUHBIM Mey SBTEKTHUKAMH MU TBePJbIMA PaCTBOPaMU, OMMCAaHHbIMH B Ha- 


i 
cTrosulem coodmeHnuH. JIuvarpamMMbt np [iA UCCJIeOBaHHbIX 9BTeEKTHYECKUX THO- 


- Hadrencosep2Kaiux cucrem Ha puc. 2, 4 —6 ouenb OM3KM K TpAMOWIMHeH- 
HbIM, THT I, T. €. He OTMe¥aeTCA B3AMMOJeHCTBHE KOMMOHEHTOB B X%KALKON (pase. 


J{ovenkHi WHAycTpHanbHblit HHCTHTYT Ilocrymusno 
r. CrasiuHo 29 VI 1960 


UMTHPOBAHHAS JIMTEPATYPA 


1B. M. Kpapueuxko, KOX, 13, 133 (1939), *#J. M. Robertson, Orga- 
mic Cristals and Molecules, N. Y., 1953. ° A. HW. Kutautropogcku it, Oprannue- 
cKan Kpuctamroxumua, M., 1955. *V. C. Sinclai ie kOe IMs Ror Oh Gata t. S01, 
ee emia t®@ieson, Acta Cryst., 3 (4), (245, 251 (1950). ®*G M. Brown, M. H. 


florea er, Aéta WCryst/;07, Ne 1, 139 (1954). °V. Schomaker, ©. Pau- 


Ping aim. Chem. Soc.,-61, 1769 (1939). °B. M. Kpasyeuk 0, HAH S79, Neg, 
443 (1951). ®& B. A. Anocos, C. A. Morogun, Ocnosubie Havana Pu3HKO-xXUMHYe- 
ckoro aHamu3a, M., 1947, crp. 169. ® B. M. Kpaspueuxko, H. C. Ilactyxosa, 
JTAH, 119, Ne 2, 285 (1958). 
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Jloknagn Akagemun wayk CCCP 
1961. Tom 136, Ni 1 


du MUXAJIBCKHH u Anna MAPKOBCKAS 


UIT II-Se-XJIOPCEJIEHO®OC®PAT bi 


(IIpedcmaeaeno axademuxom M. H. Kabaunuxom 28 VI 1960) 


HeckoJIbKO JleT Haga B Hamel NaGopaTOpHH Obi NOMyYeH HOBbIM THM oc- 
(bopopranMuecKUx COeMMHeEHHM, CosepxKANIMX rpynuHpoBKy aTomoB > P(O)SCI. 
STH COCEAMHEHHA ObIJIM NOJYUeHbI JeHCTBHeEM XJIOpa HIM XJIOpHCTOrO Cybpyp Ha} 
Ha [\MasiKMsIMOHOTHOdocdaTn (1-°), a Take Ha TMaIKOKCMpOCHHHMIINCYJb- 
dune (1,7,°) u TpuamkunTuondochaty (*). TlomwyueHuple BelecTBa OOaqau 
OOJIbINOH XHMM4YeCKOH AKTMBHOCTbIO. Kak THMMYHEIe THOdocwopHuup yroulue 
peareHTbl 3JIeKTpO*HIbHOrTO XapakTepa, OHM JlerKO MpHcoeMHAMHCbh K He- 
MIpeWeJIbHbIM CoeqNHeHHAM (8-1°), TaBasmM peak 3JIEKTPOPUIbHOrO apoMaTH- 
yeckoro 3aMmeleHHa (1), 3amenlasu aTOMbI BOAOpOLa B AKTHBHOM MeTHJIEHOBOK 
rpynne (',4") uw pearHpoBamH c ApyrMMu THMMGHIMH HYyKJeOdHJIbHBIMH pea- 
reHTaMW: MepKallTaHaMu u THOKHCIOTamH (1%), amuHamu (11), TpHanKMJI- HI 
WMakupocpuramu (12) u TOMY MOJOOHBIMN BellecTBaMH. 

[IpeqMeToM HacTOAero COOOILEHHA ABJAIOTCH OMbITHI, BeYUHe K 10/1 y4eHHIO 
CeJICHOBbIX AHAJIOTOB YNOMAHYTHIX CoequHeHHH. J[uaTuI-Se-xOpcemeHoocaTsl 
oOpasyloTcs pH AeHCTBHM XJIOPUpy!oulMxX aTeHTOB Ha SPUpbl CeJCHOKUCIOT 
(boctpopa, BMOHeE aHaJIOrHYHO COeMMHeEHMAM Cepbl. OfHaKO STH BeleCTBa HaM! 
He yalOCb BbIACIHTb B YMCTOM BUe, TAK KaK OHM JIerkKo pa3saraioTca. OxH| 
Oomee ycTOHYMBE! B pacTBopax. Tak, AusTHI-Se-xsopceneHodocat, oOpasyro- 
IMUCH IpH JeHCTBHH 9KBURAJIECHTHOTO KOMMYeECTBA XJIOPHCTOTO CyJbypHa Ha 
TpuSTHJICeMeHOocaT, B O€H30JIbHOM pacTBOpe Ip TeMMepaType —O OTHOCH=| 
TeJIbHO YCTOHYHB, HM B STOM BHe CFO MOXKHO HCHOIb3OBaTb B aJIbHeHINIUX PeaK- 
WUAX: 


IlomHasa orrouKa PaCTBOPHTeJIA BeleT K Pa3JIOReHHIO BeUlecTBa C BbICJIE- 
HHeM CeJleHa: 


(CyH;0)2P (O) SeCl “+ (C3H;0)sP (0) Cl + Se. 


ustus-Se-xiopcesenodocar passaraerca B MpHCyTCTBHH MavielillIMx one 
JOB Bar, OHAKO B ApyrHX peakUMAX OH ABJIAeTCA MeHee AKTHBHBIM CoelH-| 
H€HHeM, YeM COOTBETCTBYIOMIMH eMy jM9THI-S-xopTHodocar. TIpucoeaune- 
HHe ero K IMKJIOreKceHy, H30paHHoe KaK NpHMep peaKUHH TIpHcoeqMHeHHA| 


K STHJIOBbIM yIrJieBOLOpoyaM, poTekaeT 3Ha4YHTEJIbHO MeJWIeHHee, 4eEM B CJLydae) 
THOaHavJora: 


80% | 


= ] 
(C3H;O)9P (O) SeCl ++ CH = CH (CHs)3CHe 


| | 
—F (C2H;O)2P (O) Se = CH CHG (CH»)sCHo. 


OTHOCHTeIbHO MeJWICHHO MpoTeKaeT TakxKe peaKIMA TpHcoeqMHeHHA H- 
aTHJ-Se-xsopcenenoocata K STHIBHHMOBOMy adupy. Tlpogzyxt nipHcoe su He- 
HHA (1), OMHaKO, He BbIMenAICA H3-3a ero HeyCTOHUMBOCTH, HO Obl BbIJeeH 
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NpOAYKT erO peakIMU C STHJIOBbIM CIIMpTOM — ycTouuMBbii atetanp (II): 


75% C,H,OH 
(C2H50)2P (O) SeCl + CHz = CH — O — C3H; —> [(C2HsO)2P (O) SeCH2sCHClOC2Hs | a4 


(1) 


— (C2Hs0)2 P (O) Se —CHe — CH (OC2Hs)2. 
(II) 


JlerkocTb oOpa30BaHHA alleTaia MO2KHO CUHTaTbh MOATBeEpxKeHHem mMmpesmoua- 
raeMOro HallpaBJeHHA peakUNH MpHcoequHeHua. 


QKCNeEPUMeHTANIbHAA wWaCcTDb 


1, [ustun-Se-xopcenenodocdat (C2H;0)2P(O)SeCl. K pactBopy tpustua- 
ceneHodochata (15,9r, 0,065 mona) B Sex3one (1 : 1) mpHOaBnaica mo Kaniam 
.pacTBop xsopuctoro cybpypuna (8,8 r, 0,065 mous) B Gexsone (1 : 1), npwuem 
_TemMepaTypa SK30TepMMY4eECKOl peakIMH NosepxUBalach HWxKe 0°. TlepBoua- 
_ YaJIbHO OeCI[BETHIM PaCTBOP OKpAallIMBaJICA MOCTeMeHHO B KEITH wBeT. Ilocae 
‘TipHOaBsleHua BCero KOJIMYECTBA XJIOPUCTOrO Cybypua JIeTY UME Mp OLY KTHI peak- 
IMM OTTOHAIMCh TPH MOHMKeHHOM aBJIeHHN (OKOJO uaca). IlonbiTKa NOHOCTHIO 
OTOrHAaTb OeH3ON Ha BOAAHOM Oane, HarpeTod Jo 30°, NpHBOLMIa K pa3zO*KeHUtO 
MIpowykTa C BbIeeHHem ceeHa. B culekyroulux onmbirax AueTHI-Se-xopceeHo- 
<pocdbaT He BbIJesIAJICA H IPMMeHsVJICA B aJIbHEMINMX peaKIHAX B BUe C€H30Jb- 
HOrO pacTBopa. 
2. Peakuua npucoeyquHeHusA LMSTHI-Se-xsopcesenodocdata K WHKJoreKceHy. 
-O,O-justu-Se- (2-xsiop uu KJoreKcH1)-ceeHocdbocpat 


(7-O)..P (0) Se— CH. — CH (Gl) = (Cie)s — CHa, 
| 


K 6eH301bHOMy pacTBopy u9THI-Se-xopceeHodocpata, MowyYeHHOMy 
“Kak MW B onbiTe 1, mpHOaBiaICA NO KalluIAM pacTBOp WHkKJorekcena (6,6 r, 
0,08 mona) B GeH30ne (1: 1), mpuuem TemnepatTypa cla60 9K30TepMu4eCcKOL 
peakUMH modepxuBatacb HuxKe 20°. OSecuBeyHBaHve peaKUMOHHOH cMecu Ha- 
CTYMMNO TOMbKO Tocie 3 cyTOK CTOAHHA pH KOMHAaTHOM Temnepatype. Jlery- 
4He TIPOAYKTb OTTOHAHCh pH MOHWKeHHOM JlaBeHHH. beH3soNMbHbIM pacTBOp 
_ TIPOMBIBAJICA KUMCJIBIM YIJIEKHCJIbIM HaTpHeM, BOO H BbICyumMBayica (MgSQs,). 
 Bew3on oTrousasica pH MoHWxKeHHOM AaBmenun. Ilonyyeno 15 r O,O-pnstua- 
Se-(2-xsopuuKmorekcum)-ceseHodochata B Buse SeckBeTHOrO Maca (69,3 % Teo- 
“pv m0 OTHOMWeHHIO K HCXOAHOMY TpH9THJICeNeHOdocaty); T. Kum. 93—94°/ 


0,07mm; ni§ 1,5166. 


Hatigzeno %: P 9,5; Se 23,5 
CioHepOsClPSe. Brruncneno %: P 9,3; Se 23,7 


3 3. Peakilia mpvcoequHeHuA uaTHI-Se-xsopcesenoocata K BHHMJISTHJIO- 
sBomy 2bupy. O,O-mustun-Se-(2,2-nusToKcHsTHT)-cemeHoocpat (C2H;O)2P (O)- 
' SeCH2CH(OC2H;)2. 
ja K OeH30IbHOMY,, pacTBOpy HOTMI-Se-xsopceleHopocpata, NmosyueHHOmMy 
aHalOorH4Ho onbity 1, mpHOaBAJICA NO KallJIiM pacTBOp BHHMJISTHJIOBOTO 
apupa (5,8 r, 0,08 mona) B Gex3one (1 : 1); Temnepatypa ca60 3K30TepMuye- 
CKOM peakIMH NofsepxKUBaach HuxKe 0°. Ilocne npHOaBeHuA Bcero KOMMUeCTBA 
- Wustun-Se-xopcenenodocata pacTBop He o6eciBeTMIcH. IlomHoe o6eciBe- 
YMBaHHe HacTy MMO TOKO Mocue 24 yac. CTOAHUA Ip KOMHATHOHM Temiepatype. 
PactTsoputeib OTrOHAJICA MIpH MOHWKeHHOM laBieHuM. K macmoo6pa3Homy 
ocratky O,O-nustu-Se-(2-sToKcH-2-xJ1op9THu)-ceeHodocata npHOaB ACA 
/STHIOBEI cnupT (25 mul) H peaKIIMOHHas CMeCb OCTaBIANAaCh B TeyeHHe */, "aca 
IIpH KOMHATHOM TemmepaType, 3aTeM HelTpamH30Balacb TBEPAbIM KMCJIbIM 
YIVJICKMCJIBIM HaTpvem. JKUAKOCT eKaNTHpOBasacb C OCaKa, a OCAJLOK IIPOMBI- 
BaJICd DBaxKIbI CeH30I0M. BeH30JbHbIe BbITAKKH COCAMHANUCb C MACJIOM, TIpo- 
MBIBAJIMCh JBaxKIbI BOAO u BbICyUIMBamNch (MgSO.). Benson oTroHsscA B Ba- 
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KYyyMe HM ocTaTOK (ppakuMouHpoBascn. Ilozyueno 17 r O,O-anetus-Se-(2,2-aH 
3TOKCH9TH)-cemeHoocaTa B BAe rycToro cBeTO-2%KeTOrO Macwa (78,7 % 
TeOpHH 0 OTHOMeHHIO K HCXOsHOMy TpHsTHsICeeHOdocdaty); T. KAM. 


81—81,5°/0,05 mm; np” 1,4710. 


Hatimeno %: P 9,5 
CipH230;PSe. Bpiuucneno %: P 9,3; Se 23,7 


TlomutexHnueckHii HHCTHTYT Toctynuao0 
Jlog3b, Tlonbma 24 VI 1960 


Jla6opatopua OpraHHyeckoro CHHTe3a 
Tlonpexon AkazemMHH HaykK 


LWUTHPOBAHHAS JIMNTEPATYPA 
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Ind.; 1958, 1199. & J. Michalski, Bu. Bopmeck a, Strom Ws temo regs Bulr 
Acad. Pofon. Sci....6,, 159 (1958). 8 B. Borecka, ela Mii qhpaplicie ie Si eMniissine: 
rowiez, Roczaki Chem, 32, 1301 ((958)) | tes eM ie ha lS cee Stem ae Se iosiaam 
wrez, Chem. and Ind,” 19595) 565. 2), Meira ls kt, heme tec hoon cnetarm 
H. Strzeleck a, Roczniki Chem., 33; 1251) (1959))" 227 5 Mai cuiwaalioe erie ee ees 
nard-Borecka, St. Musierowicz, A.Skowronska, Résumés des Com- 
munications XVI Congres International de Chimie Pure et Appliquée, Paris, 1957, p. 108. 
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ornxage Akagemun nayrx CCCP 
1961. Tom 136, Ni 4 


XHMH 1 


H. C. HHKOJIAEB u E. Tr. ANNOJIMTOB 


CHHTE3 KOMIVJIEKCHbIX ®TOPHAOB WIECTHBAJIEHTHOTO 
PEHHS 


(I]pedcmaenreno axademuxom H. B. Taranaeso_m 7 VII 1960) 


KoMIJIeKCHble COJIM WICCTHBaICHTHOrO peHHA JO HacTOAMero BpeMeHU He 
ObiiM onMcaubl. 1. Hoggax u B. Hoga (4) coo6uanu o noyyeHuM pacTBopoB 
OKCUXJIOPKUCJOTHI peHua-VI wee KaMeBOH COM, OJHaKO BBUAY upesBbluaiHoit 
HeYCTOHYHBOCTH STHX COeHHEHHH B BOJHOK cpese OHM He ObIM BbIeeHbI U3 
pactsopos. IIpwunHol HecTOHKOCTH CoeMMHEHHH WICCTHBAJICHTHOFO PeHHA B BOL- 
HbIX PaCTBOPaX ABACTCH JePKO NpoOTeKaloului PHAPOIH3S C MOCTeLyOULHM Luc- 
MIpOMOpmMOHUMpoBaHvem mo cxeme 3ReY!—-RelY + 2ReY!. Te «xe aBTopbl ymo- 
MHHaJIH JIMUIb O BbIJeeCHHOM UMM poOfaHHCTOM COeAHHEHHH cocTaBa 
C;H;NHNCS -ReO(CNS)a. 

'  Xarpusc u IInkox (?) HeqaBHo CoodulHJIH O B3aHMOJeHCTBHM rekcadTopusa 
peHHA c *TOpHcTHIM KajiveM B pacTBOpax NeHTadTopusa Hosa WAM %*KuUAKOrO 
SOz. ABTopbl NosaraioT, 4YTO Mp Z2TOM OOpasyeTcA OKTa*TOppeHaT Kaus 
_ KeReFg. OgHako XHMMUeCKHH aHaJIu3 BbIeeHHOrO BelleCTBa pacxOMNTCA 
—c 9TOK dopMysou, a AeOaerpamMa NoKasasia HasiMuNe B HEM C*TOpucToro KasA. 
B wHactTosiei padoTe yalocb MpoBecTH CHHTe3 OKTadToppeHata Kalua 
IIpAMOU peakilMeH MexKy *KHAKUM reKcadpTopuoM peHuA MH *PTOPHCTHIM KaviveM. 
PeakUHaA NpOBOLusach B TedsOHOBOH TpoOuNpKe, Kya NoMeulasocb 25 Pr reKkca- 
(bTopuya peHuA, NMosyueHHoro (TOpHpoBaHHeM MeTaJa TpHpTOpUAOM xopa 
lO omucaHHOoMy Hamu cnoco6by (*). Jlamee npH oxslaxKeHHH HeOOJIbINMMH Nop- 
“ILMAMH 2OOaBIAJICA TOHKO H3MeJIbUCHHbIM (PTOPHCTHIH KauH (6,54 r). Onepanun 
IIpOBOAMINCh B CYXOH KaMepe, OXJIaxKaemol HMxKe HyJIA. PeakiMaA Merny 
B3ATLIMM peareHTaMM MpOXOMT C 3aMeTHBIM pasorpeBaHueM. Korjla Bech KF 
6blul BHECeH B MpOOUpPKy, NOCeMHAA IVJIOTHO 3aKpbIBaaCb M HarpeBalach Jo 
20° C. Tlocne ctrosHus B TeyeHve 12 uac. MpH STON TeMMepaType peakILMA 3aKaH- 
unuBasacb. M36bITOK rekcaToplla peHuA yaAJICA OTTOHKOM B BaKYYMe, a Io- 
JY4eHHEIM = MpOlyKT BHOBb MeJIKO MCTHpaJicH M MOBTOpHO oOpadaTbIBavica 
2—3r ReFg, noce vero eTy¥aA UaCTb CHOBA OTKAYHBAaCb B BakyyMe. Pesyvib- 
TATbI aHaH3a MpoOlykTa Jo HM Mocse NOBTOpHOM OOpaOoTKH NoKasa/H MOCTOSH- 
CTBO coctaBa. Bec nowyyeHHoro mpoxyKta (23,4 r) orBeyal BbIYMCIeHHOMy 110 
| ypaBHeHHt10 
¢ ReFs + 2KF = KoReFs, (1) 


’ 


“UCXOA M3 B3ATOrO PTopuctoro Kalua. TlowyyeHHbI MpOLYKT copep2xaw HeGouIb- 
mive KOMMYeCTBa ascopOupoBaHHoro ReF., ume! KpeMOBbIi UBeT H OypHO pas3- 
NaraJicA BOLOU C BbIeseHHeM YepHOrO oCcaKa. 
B o6mel macce mpofyKta BCTpeyaMCb JOBOJbHO KpYMHble KPHCTaJiIbI Ma- 
JIMHOBOFO WBeTa. OTH KPHCTAaJJbI MpaKTHYeCKH He paCTBOPAIMCh B Boe H pas- 
yllaiucCb €10 OYCHb MeMWIeHHO, aBait pacTBOpuMble MposyKTbl. Buarozaps 
THM CBOHCTBaM IO OTHOILMEHHIO K BOe, MaJIMHOBbIe KPHCTAaJJIbI yaOCb BbIe- 
AUTb B UMCTOM BUe COOpadoTKO MeqAHOM BOAO MpolykTa, MoJlyyeHHoro peak- 
We rekcapTopuja pexua c KF no omucanHomy Bblitie MeTosy. OfNako JA 
“TMOMYYEHHA MAMHOBOH COM MeTOLUKY HEOOXOAMMO H3MeHHTb, HCKJIOYHB H3ObI- 
"TOK rekcaTopusa peHusA H OepA S9KBUBAEHTHbIC KO/IMYCCTBA MCXOMHBIX BeULeCTB. 


: 


B 3Tom cilyyae nomyuaeTca MpOAYKT MaJIMHOBOTO WBeTa, KOTOPbIM MOUTH BeCb 
COCTOHT H3 OKTadToppeHata KaHAa. JA Toro YTOObI STOT MpOLYKT OUMCTHTb OT 
IIpHMecu TopucToro KaJIMA, eFO MPOMbIBaJIM JIELAHOM BOOM, METHJIOBbIM CIIMp- 
TOM H CYUIMIM B BakyyMe. XUMMYeCKHH aHaJIH3 MOATBEpxKAaeT, YTO COCTAB Ma- 
JIMHOBOHK CoM oTBeuaeT cbopmyvie KeaReFs. 
Ha puc. | qaHa 3apucoBKa KpHcTasa oKTadpToppenata Kaus. B mocKocTu 
yepTeKa KPHCTaJJIbl JBYOCHbI, OO/aaioT MpAMbIM NoracaHHeM MH, CJleOBa- 
TeJIbHO, MIpMHalieKaT K poMOMueCcKOH CHHTOHHM. Y]JIMHeHHe KpH- 
7 CTaJIJIOB MOJIOX%KUMTEIbHO. ; 
Ha Bo3lyxe OKTapToppeHaT KaJIHA JOBOJIbHO YCTOHYHB M Hayy. 
HaeT pa3laraTbCA JIMIb CIYCTA HeCKOJIbKO 4aCOB, IIpHueM ero APKO- 
MaJIMHOBaH OKpacka OuleqHeeT HM MepexoLuT B rowlyOoH WBeT, moce 
yero GbICTpO HacTymMaeT oyepHeHHe. B Bole OKTadTOppeHaT KaMA 
® lipakTHyecKH HepacTBOpHM, HO MeMVJICHHO NofBepraeTcA TuApouJMsy, 
oOpa3yaA rowy6oH MpoLykT, pacTBOpMMbIH B Bose c OOpasoBaHHem 
rowy6oro pactBopa. Topsuad Boa pacTBopxeT oOKTadToppeHaT Cc 
o6pa30BaHHeM 3esleHoro pacTBopa, KOTOpbIi BCKOpe MpHHumaer Oy- 
pylo okpacky BCJIeAcTBHe rvspoiMsa. Cob XOpOoulo COXpaHAeTCHA B 
TIOJIMSTHJICHOBLIX amMMyiax. IIpH compHkOcHOBeHHM CO CTeKJIOM 
Puc. 1 ObICTPO pa3saraeTCH, pasbead MOBepXHOCTb CTeKJA. 
OxtadToppeHaT KaJIMA pacTBopsxeTca BO (TOpucToM BOsopose C 
pa3JIo*KeHHeM BbIeIAA TeKcaTOpuA peHHA MO Cxeme: 


KeoReFs + nHF — ReFs + 2KF-nHF. (2) 


Cam rekcadTopu, peHHA oOrpaHHueHHO pacTBOpuM BO (TOpHcToM BoOopose 
c o6pa30BaHHem OecilBeTHoro pactTBopa. IIpu BEIMapHBaHHH Takoro pacTBopa 
B TOKe Cyxoro a30Ta rekcadTopuHy, peHHA yuJleTyYMBaeTCA BMeCcTe C (TOPHCTHIM 
BOAOPOLOM, a B OCTaTKe OCTaeTCA HAaCHINeHHbIM pacTBOp (pTopucToro KaJuA 
BO (PTOPHCTOM BOLOpose, H3 KOTOPOrO BbIMalaioT KPHCTAaJIbI KUCIbIX TOpH- 
joB. CoOpaHHbli KOHJeHcaT ocie yalleHuAx M3 Hero dTopucToro BOso- 
pola No BakyyMom lipH —70° UcHoub30BaJICA BHOBb JIA MOJYYeHHA OKTA- 
(ToppeHata KaJIuA. 

Kak ObluIO YKa3aHO BBIILe, OKTaPTOppeHaT KaJIHA MeJICHHO B3AMMOJeHCTBYeT 
c BOLOH, OOpasya romyOoH mMposxykT. OLHaKo BBULY ObICTporo pa3sox*KeHUA ITOFO 
MIpOLyKTa He TpeACTaBJIANOCb BOSMOXHBIM BbIAeUTb erO U3 BOAHOrO pacTBopa. 
CoeqHHeHHe, MMerollee TaKOH Ke rosyOol WBeT, MOXKeT ObITb BbIeeHO U3 PTO- 
PHCTOBOAOposHoro pactBopa. Bpwio 3ameyeHo, uTo pactBop KeReF, Bs HF nupu 
CTOAHHH Ha BOSyxe IIpHHHMaJ royOyio OKpacky, a TBepsaAd cha3a, CocTOAMLAaA 
B COOTBETCTBHM C ypaBHeHHem (2) H3 reKcadTopuya peHuxA, Bea Mepexogusa 
B pactTBop. IIpu pacrBopenuu KeReF, Bo (bropuctom Bosopowe, cosepKaBIIeM 
HEKOTOPoe KOJIMYeCTBO BoLbI (0,02%), nonyuasca NpospayHbilt royOol pacTBop, 
W3 KOTOPOrO HocJe ero OxaKLeHuA Oo —70° BbIeNAOCh KpHCTaM4ecKoe Be- 
mecTBO rowyOoro WBeTa. PacTBop mocwie STOrO AeKaHTUpoOBaJICA, OCTaTKH @TO- 
pHcToro Booposa W3 TBepforo OcTaTKa ylalaMCb B Bakyyme. IIpoxyxT rouy- 
Ooro I[BeTa MMe OMHOPOLHy!O KpUCTaIM4YeCKy!O CTPyKTypy, CocTaB ero OTBe- 
yam cbopmyie KeReOF,:-2HF u npegcrapian co6ok okcureKkcapToppeHaT KaHa 
¢ AByMA MouweKkysamu HF. B Boge mpu 0° 97a coulb 3aMeTHO pacTBopuMa Cc OOpa- 
30BaHvem royOoro pacTBopa, KOTOpbI ciycTa 10 MMH. 3emeHeeT, Moce ero | 
ObICTpoO MpMoGpetaet 6ypyio oKpacky. Bo ropuctom Bosopose oKcureKcadrop- 
peHaT KaJIMA JerKO pacTBOpAeTCA, M Mp OBOAHeEHHM STOO pacTBopa rowyoaA 
OKpacka pacTBopa MepexoWT B 3esleHyIO, a 3aTeM B Oypy1o. M3 3eneHbix 
pacTBOpOB IIpM UX OXJaxKLeHHU BbINAaLa KpyIHble 3eleHble KpHcTabI. XOTH 
aHaJIM3 UX HE MpOBOLMJICA, BCe Ke MOMHO NPeANOJORKUTH, 4TO TA COMb ABMAETCA 
MpOAyKTOM fla/ibHeHMero YTuApomusa oKcHreKcadToppeHaTa Kaa, HampH- 
Mep lo KeReOeFa. 

Metox aHasusa, Kak OblJIO OMMCaHO pH anasu3e rekcadTropufa penusn (?), 
OblJI OCHOBAH Ha FHApOMH3e MpOOL! OMpeAeNeCHHbIM KOJIM¥eCTBOM IeOUH C OMHO- 
a2 


i 


BPCMCHHBIM OKMCJIeEHHeM HaBeCKM MepeKucbio BoLopoga. M36niToK menoun TH- 
‘ ” © 
TpoBaica. PacueT metoun, HeoOxoMMon AA HeliTpanu3aluH, npoMsBo_Maca 
lO ypaBHeHHam: 
2 KeReFs + 14NaOH + H2O2. = 2 KF + 2uKReOu ++ 14 NaF -+ 8:H.0: (3) 
2 KaReOFs-2 NF + 14 NaOH + H2O2 = 2 KF + 23KReQy + 14NaF + 10H20. (4) 
B ta6a. 1 mpuBexeHb pesybTaTHI pacueToBR HeOOXOAMMOrO KoOuHUeCTBA Ife- 
JOUM B rTpaMM-S9KBUBasIeHTax Ha |r comM HM MOMyYeHHEIe KONMUecTBAa. JIanee B 
‘pacTBope onpesemamuch peHuli B Bue MeppeHaTa HUTpoHa u (Top THTpoBaHuem 
‘pactsopom AlCls. Kanuii onpexersuca B cbopme cympiata B pacTBope nocue 
yaleHHA peHus B BUe Cylbpuyza. . 
Ta6auna 1 


KI Jiannpie XHMHYCCKOTO aHaJIW3a KOMIIJICEKCHBIX cbTopuyoB peHua 


5 Cogepxxanue K, % | Comepxkanne Re, %| T-sxsus. menoun | Cogepxanne F, % 
; Coequnenue Halige- | Bbluuc- BbIUHC- 4 BBIUHC- i BBIYHC- 
HO eno HaliJeHo jeno | HaliqeHo neo | HaliqeHo meno 
t 
t K2ReFs 
OKTadToppenart 

KaJua 18,6 18,8 44,6 AAT AES 0, £65) MMO GS eSore, 36,4 
(MaMHOBasA COvIb) eeQ)52 +0,2 +0 ,002 (4 

KsReOF, -2HF 
OKCHTeKca*ToppenaT 

Kaun 17,6 9 42,7 Ae oe UelOQe! O, Lakh ocie Som) 
(romy6asa cou) 22042 £2 +0,001 (2 


OxtadtoppeHaT KasIMA ABIAeTCH AHAIOTOM KOMIIJICKCHbIX COeAHHEHHH Ha 
OcHOBe reKCaPTopHAOB MONHOeHa, BOMLG~pama UM ypaHa, Id KOTOpEIxX Maptu- 
Hom 4 Anp6epcom (*) u Koxcom, JI. Wlapnom u A. Wlapnom (°) 6pinu cuHTesupo- 
BaHbl KaJIMMHble CoM cocTaBoB K,MeFs, B To BpeMA Kak IA Ooee THKEbIX 
KaTHOHOB MomyuaroTca comm coctapa MMoF, u MWF, (°), rae M— pyOugun umn 
mesuh. UTo KacaeTcd okcureKcaxwioppeHaTa KaJIMA, TO B HacTOAIMee BPeMaA 
‘MeeTca cooduleHue (°) o NowyYeHHH KOMMJIEKCHBIX OKCH*TOpcoeH MoWHOReHA 
M BoNbdpama, Wpoucxofxamux oT dtTopoxucnoB MeOFs u uMeronuyHx coctaB 
CsMoOF; u CsWOF;. 


VUuctutyT oOumei Hv HeopranHueckoii XHMHII Tlocrynuo0 
um. H. C. KypnHakopa 4 VI 1960 
Akajemun uayKk CCCP 


WMTHPOBAHHAS JIMNTEPATYPA 
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Jloxnannr Akanemunu nayr CCCP 
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XHMH fl 
M. K. WHTOBHY 


OB YCTOHYNBOCTH XJIOPHAHbIX ALHO-KOMIIJIEKCOB 
Y 3JIEMEHTOB YETBEPTOTO MEPHOJA 


(I1pedcmaeaeno. akademuxom H. H. Yepraesoim +luV 1121960) 


UccueqoBaHvio COCTOAHHA 3JIEMCHTOB B COJIMHOKMCJIbIX paCTBOpax C MO- 
MOI[bIO AHHOHHOrO OOMeHA yeaeTCH MHOrO BHUMAHHA, TAK KaK COPOMUMA Jaxe 
6IM3KHX MO CBOHCTBAM 3JIEMeCHTOB ObIBae€T Pa3JIMUHOH H3-3a HeOLMHAKOBOH | 
MIpOUHOCTH XJIOPHAHBIX allufo-KommieKcos (*). Mmeetca, ofHako, O4eHb HEMHOTO 
JaHublx OO AaHHOHOOOMeHHBIX CBOHCTBAX XJIOPHJOKOMMVJICKCOB 9JIEMeCHTOB 4eT- 
BepToro mepvona (2-4). 

SaHHMacACbh CHCTeMaTHYeCKHM UCCJIeOBaHHeM COCTOAHHA 9JIEMCHTOB Cepe-_ 
JMHBI YeTBEPTOFO NepHOLa B COJAHOKHCJIBIX pacTBopax (°), Mbl 3a] aJIHCb IWeJIbIO 
NOLPOGHO M3yYHTb YCTOMYMBOCTb XJIOPHAHBIX KOMINVICKCOB y STHX SJJIEMCHTOB 
€ TIOMOMIbIO AHHOHHOTO OOMeHA. | 

Uccneqopanocb nopeseHve aiemenTos Ti (IV), Mn (II), Fe (III), Co (II), 
Ni (II) u Cu (II) B pactBopax c KoHMeHTpalMel couAHOH KuCOTH OT 0,1 Zo 
12 N. Jina storo onpelenamH KosPuUMeHThI paciipelesieHuA SJICEMCHTOB @ 
M@XKLY AHHOHOOOMeHHBIMM CMOJIaMM MW COJIAHOKUCJIBIMH PpaCTBOpaMH: TOYHYIO 
HaBeCKy BO3JylHO-cyxoro aHMoHUTa (0,5 rT) BCTpAXHBaIM C OnpeyeueHHBIM 
oObeMOM HccJielyemoro pacTBopa (50 ma) oO HacTynwieHua paBHOBecua, Opain 
aJIMKBOTHbI€ NOP pacTBopa HM OMpeesANM KOMYECTBO HECOpOHNpOBaHHOTO 
CMOJIOH SJIeEMeHTa OJHUM H3 KOJIOpHMeTpHyeCcKUX MeTOLOB (°). KosdunneHTEt 
PpacnpeeeHHA SIEMeCHTOB @ BLIUHCIAM OOWENPHHATHIM Cnoco6om (°). Kpome 
TOrO, ONpeeiAIH COPOHPyeMOCTb 3JIEMECHTOB CMOJIAMH IPH paBHOBeCHH B Ipo~ 
WeHTaX K TepBOHAYaJIbHbIM KOJIHYeCTBAM. 

HcxogHble pacTBOpbl, MpHroTOBJIeHHbie Ha OMMCTUIIATe U3 XMMHUYeECKIE 
YMCTHIX P€aKTHBOB, HMeJIM culexyioulMe KoHWeHnTpauuH: Ti 0,1197, Mn 0,2794, 
Fe 0,1861, Co 0,2947, Ni 0,2935 u Cu 0,4765 mr/ua. 

Jla NoWyYeHUA JOCTOBepHBIX Pe3yYMbTATOB B OMbITAX ObIIH HCHOMb3OBAaHbI | 
TPH AHHOHOOOMEHHBIX CMOJIbl OTEYECTBEHHOFO MPOMSBOACTBA: CHJIbHOOCHOBHOM 
aHHuoHuT AB-16, cpeyqHeocHoBHoi OJ19-10 Il u cna6oocHoBHolt annonut AH-20. 
IIpu nogroTosKe kK MccCefOBaHHIO OTCeEMBAIHCb (paKIMH BCeX CMOJI C THaMeTpoM 
sepeH 0,5—1,0 MM, aHHOHHTbI ObINM OTMBITHI OT IpMMeceli, MepeBeseHbI B Cl- 
(popMy HM JOBeLeHLI 10 BO3LYMIHO-cyxoro COCTOAHMA. 

KospulwenTEI pactipeseeHa 93/1EMeHTOB M@ KAY COJAHOKMCJIBIMH pa- 
CTBOpaMM MH CHJIbHOOCHOBHEIM aHvoHuToM AB-16 noka3aHbl KpHBbIMH puc. 1A. 
JlocTaTouHO YeTKO BbIpaxKeHHOe NOTrMONLeHHe 9JIEMeHTOB STAM AHMOHHTOM Mpo- | 
HCXOAMT H3 PaCTBOPOB CO CJIeYIOUIMMH KOHUeEHTpalMAMM COJIAHOM KUCJIOTHI: | 
Fe u30,5 NV, Cuus4N, Cous 6 N, Tius8N, Mnus10 N pacrsopa conmsHoit 
KucoTb; Ni He cop6vpoBasica cMOmOH Np KOHIWeHTpalluaAx comAHOM KUCIO- 
TbI B pacTBope oT 0,1 yo 12 N. 

U3 puc. 15, B puguo, auto annonut QJI9-10I11 u oco6enno AH-2® B uesom 
oOulaaioT Oovlee HU3KOH OOMeHHOM cnocoOHocTHIO, yem AB-16. OnnaKo cop- 
OMpYeMOCTbh 9JIeEMeHTOB STHMM CMONaMM XOpOIO NoOsTBepxaeT HaliqeHHy10 
3AKOHOMEPHOCTb MOBECHUA SJIEMCHTOB B COJIMHOKUCJIBIX pacTBOpaXx. | 

M3 nonyuenHpix Hamu (bakTMyecKUX JaHHBIX CyeLyeT, YTO 3HAYNTebHbIe 
KOJIMYECTBA_ XJIOPHAHBIX AHHOHHEIX KOMIIeKCOB OOpasyioTtca y Ti mpHoumn- 
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suTeibHO B 8N, y Mn B 10N, y Feb 0,5N, yCopn6N uy CuB4Nn 
COJAHOH KHCJOTE. ea, 4TO IPH Ooee HUSKUX KOHIEHTpallusax pacTBOpoB 
CONAHOH KHCJOTEI XJOPHJOKOMIMVI€KChl STHX 9JIeMeHTOB paspymarorca. Orpu- 
WaTeJIbHO 3apAXKEHHOTO KOMIMVIeKCa HUKEIA IPH MaHHEIX YCJIOBUAX NpakTHYecKH 
He cylllecTByerT. 


[ HC.) —> 


Puce. 1. Sapucumocth Kosd@@HuHeHTOB pacnpeyeeHHA BICMCHTOB OT KOH- 
meutpauuH HCl: A — anvonut AB-16, 5 — announr OL9-101, B —- 
announT| AH-20, / — Ti, 2— Mn, 3 —Fe,, 4—Co, 5 — Ni, 6 — Cu. 


Takum o6pa30m, xJIOpHfHbIe KOMMJI€KCbl 9JICMeHTOB YeTEepTOrO NepHora, 
oOpasylollveca B pacTEOpax C KOHUeHTpallveH cousHOH KuCNOTH OT 0,1 Zo 
12 N, MoxwKHO pacnosoxKNTb B CeLYIOMMK pA 10 NOpsAAKY yMeHbIeHHA ycToH 
YMBOCTH: 


free euel, |S (CoCL, Fr > [TICl.|* > (MnCl = 


EcuIM B pa30aBJieHHbIX paCTBOpaX 3JICKTPOJIMTOB COpOMpyeMOcTb 3JIeEMeHTOB 
onpeyesAeTCA riaBHbIM COpas0M BeJIMYMHAMH 3apsOB WIM paluycaMM paBHoO- 
BaJI@HTHBIX THAPATHPOBaHHBIX MOHOB, TO B cylyyae C XJIOPHOKOMMeKCaMhH, 
OUeEBHAHO, He CyllecTByeT TaKOli NpocToH 3aBucumocTH. Tem He MeHee, MOXKHO 
CBA3aTb MPOYHOCCTh XJIOPHAHbIX AHHOHHBIX KOMIIJICKCOB MCCJeYeMbIX 3JIeMeHTOB 
C MX NOMOKeHHeM B MepHosMuecKOH CHCTeMe. 

A. A. TpuxGepr noxa3a B KayecTBe OOWIMX NOO*KeHUH, YTO B OOTbIIHX 
NepHoax CMoccOHOCTh K KOMMVJIeKCOOOpasOBaHUIO OKa3bIBaeTCA HAMMeHbILIeli 
NO KpaAM HM TIpHMepHO MaKCHMaJIbHOM B WeHTpe; MaKCHMYM CIOCOOHCCTH K KOM- 
NJIeKcooOpa3s0BaHuio coBnayaeT Cc HaxoxKeHHemM 9JleMeHTOB B VIII rpynne, 
Tak KaK OHH MMewoT HakGosee aOHJIbHbIe QICKTPOHHbIe COOOUKH Cc Hesanos- 
HeHHBIMH d-suetikamu (*). Kpome Toro H3EeCTHO, 4TO HOHBI Cc 18-371eKTPOHHEIMH 
“4 H€3AKOHYCHHDIMM BHEIHUMM COOOUKAMM MPM MpOunxX paBHbIX YCJOBMAX (Be- 


| JIMUMHEI 3ApxAOB MU pasuychl) oTMMYAIOTCH Coulee CHJIBHBIM NOJAPUSYIOWHM JeH- 


CTBHeEM UM ABJIAIOTCA Gomee THIMYHBIMU RAMI GGG OP aap BaN Sat yem 8- ~OJICK- 
‘TpOHHBbIe HOHBI. 

Pes ysbTaTbl onpefesIenuxA yCTOHYHBOCTH XJIOPUAHBIX aYO-KOMIJI€KCOB 
y 9JIEMCHTOB YETBEPTOCIO NepHOja B WeJIOM XOPOLo COrJIaCYIOTCA C STHMU oOuLuMu 
TIOJIOMCHNAMH. JlevcTBUTeJIbHO, BeCbMa yCTOHYMBbLIMH OKa3aJIMCb XJIOPHTOKOM- 


8* 


TWIeKCbI 2Kee3a UH KOOambTa, OTHOcHImMXxcaA K VIII rpynne. bombutod mpowo- 
CTbIO OTMMUAeTCA Tak2Ke XJIOPMAHbIM KOMIMICKC MeqH Kak 3JIEMCHTa BCTaBHOH 
WeKagbl, mpumbiKaiomet K VIII rpynne. CraOvmpnocTh XMOpMAHbIX aHMOHHBIX 
KOMIeKCOB Y THTaHa M MapraHila BbIpaxkKeHa yxKe 3HauuTebHO CiaGee. He- 
MPpOWHOCTh OTPHMATebHO 3aps>KeHHOTO KOMIWIeKca Y HUKesIA B YCOBMAX Ha- 
UIHX OMbITOB MO*KeT ObITh OObACHEHA TIpeBpalleHHemM e€FO B HeMTPaJIbHbIM KOM- 
TJICKC. 

B ta61. 1 mpHBo_aTca TaHHble 0 cOpOMpyemocTH 9eMeHTOB AHHOHUTAMH M3 
COJAHOKUCABIX PaCTBOPOB B UpoleHtaX. OHH NO3BO/IAIOT BUeCTb, YTO MOTJO- 
IeHHe CMOaMH H3y4aeMbIXx 9JIeMeH- 
TOB pacTeT C MOBbIMIeHHeM KHCJIOT- 
HOCTH paCTBOPOB HM Jake B cTaTHyec- 
KUX YCJIOBUAX JOCTHTaeT 3HadUTelIb- 
OueBuHO, 4TO OHO 


Ta@auna 1 


Cop6upyemocTb 3TEMCHTOB AHHOHUTAMH H3-CO- 
JIAHOKUCJIbIX PaCT BOPOB 


Hopmaub- Cop6upoBaHoO Mpu paBHOBecHH, % HbBIX BeJIMYHH. 
HOCTE i Sort ee MOx*KeT ObITb HCMHONb3OBaHO IIpaKTH- | 
i Fe | cu | aa | ti | mn | Ni yeCKH, TeM OoOulee, UTO B HHaMHugeC- | 
HR ce EN KMX YCJIOBHAX (KOJIOHOUHaA Xpoma- 
~ Torpadua) 9sppeKTHBHOCTb aHHOHH- 
5 Q | ) 0 0 
05 82/0 |o Jo |o 0 TOB eile Goslee Bospacraer. 
; COGN cae Be Me i Pa3W4Had YCTOHYMBOCTh XJIOpH- 
; 14,98 | 8,91), OF | OMeat 0 0 HbIX A@HHOHHbIX KOMIMJI€KCOB y 9JIe- 
) 2.05 5.8 ( e 
s 260 oe eplaeee | Ned ; MeCHTOB MOXKET TOCyKHTb OCHOBOH 
! 2,61 | 32,79 | 26,67 | 24,17] 3,34 | 0 : 
. ee eee et Merona ecw ham JIA pasqeeHuA MX Ha aHMOHOOOMeH 
: HbIX cMoax. Ecuu norsiomenve aue- 
A 28 Ce ene MeHTOB AHMOHUTAMH B COJIAHOKUCJIBIX 
= Sapte tcl aac ae Y pacTBopax oOycs0BNeHO oOpasoBa- 
1 3,301.0. McG aioe ht 0 HWeM XJIOPHJHbIX @HMOHHBIX KOM- 
i en de ) _ Ww1eKCOB, TO MOHW>KeHHeM KOHMeHTpa- 
6 6,66] 15,83| 5,02] 0 | 0 0 fi ; 
. APE Peele Cs : IMM COMAHOM KUCIOTHI B MpOMbIBato 
10 18,75 | 24,21 | 17,23 | 25,58] 3,64 | 0 I€M KOJIOHKY pacTBOpe MOxeT OsITb 
2 { | 21,12 | 26,39 | 35,57 | 17,0: 
16,61 | 21,12:1 26,39: 35,57147,03 1 0 GF n@eimrHyTO: TIGtexORaTenbHOe a. 
Aunonut AH-20 pylleHHe 3THX KOMIJICKCOB H, CJIeqO- 
0.1 Gy 00" 4 0 cia 0 BaTeJIbHO, ecopOWNA  IJIeEMeHTOB. | 
ihe Leo hig, ea aitta )  MHoroKpaTHBIM TIpOMbIBaHHeM aHHo-- 
4 ete eae ala rie . HOOOMeHHOH KOJIOHKH pacTBopaMH 
6 11,28 11.67 6,67] 0 0 0 COAHOM KHCJOTHI BCe Oouee HUSKON 
: 9,61 | 19,20] 9,46] 4,76] 0 ( 
10, | 23,75 | 21,65 11°67 | 20°58 | 5,08 0 KOHIGCHTPallHH MOXKHO OCYIeCTBUTb 
12 30,84 | 17,78 | 17,57 | 37,54 | 18,71 0 xpoMaTorpatpuyueckoe pa3yeseHHe 


CMecH 3JleMeHTOB. TakHM oOpa3om, 
OTCHECTBEHHbIe aHHOHOOOMeHHEIe cMOsbI AB-16, OJ[9-10I1 u AH-20 moryt 
ObITb B TOH WIM HHO Mepe HCHOMb3OBAHEI LIA pasyemeHud S71eMeHTOB d2TBep- 
Toro MepHoga, MomoOHO Tomy, KaK HeKOTOpble 3 31eMeHTOB 9TOrO MepHosa 
PasMeIATHCb C MOMOU{bIO aHMOHUTA JlaysKc-! (7). Kpome Toro mpescTaplaerca 
BOSMOKHBIM Pa3leleHwe Ha AHMOHUTaX Tap 2 7eMeHTOB 4eTBepTorO Tepvoxa 


B pa3JIMUHbIX COUeCTAHHAX, 
KyOaHckHit cenbcKoxos3alicTBeHHbii Tlocrynuat0 
HHCTHTYT 29 VI 1960 © 
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9. HW. AXMPOBHY 


PAAMKAJIBHAA MOJIMMEPH3ALHA KAK 9HEPrETHYECKH A 
WEMHOM MPOWECC, OCYINECTBJISEMBbIA MPM NOMOLLM 
| IKCHTOHA 


4 
id 


iN, ({Tpedcmaseaeno axademuxom H,. H. Cemenocoim 15 VII 1960) 


- 


; 1. OcHOBbIBasch Ha aHaJINse SKCIepHMeHTAIbHBIX aHHbIX MO TMOJMMepH3a- 
oe Tip HH3KHX TemmepaTypax, H. H. Cemenos (!) Bpickasa wye100 TOM, 4TO 
‘TIpH reoMeTpwueckH OarolnpHATHBIX YCJIOBNAX MpvcoesMHeHHe MOHOMePHEIX 
“MosleKyJI K pacTyileH MOJMMepHOH Ten OCyilecTBIAeTCH He B CepHH Mocwelo- 
BaTeJIbHBIX AKTOB MpeOMOJIeHHA AKTMBANMOHHEIX OapbepoB, a B pesywbTaTe 
_KOJWIEKTHBHOFO SJIEKTPOHHOPO B3aMOJeHCTBUA, NpMBOLALWIerO Ip BOs6yxje- 
\ HMM K HepepaciipesevieHvio BaJIeHTHbIX CBA3el B CucTeme. Hactosmlaa cTaTEA 
_tpefictaBiaer coOoi nonmbirky KBaHTOBOMexa- 
“HMYECKOM KOHKpeTH3allMH MM pasBUTHA 9TUX 
" mpelcTaBieHui. 
_ 2. PacemorpuM nowuMepHbIli paqukan R, 
\M MoneKyny Monomepa A= A B xKoncburypa- 
“uu, OJlaronpuvatcTBylomeH peakiHH NpH- 
-coeqHHeHHA (v — 4uNCJIO MOJleKyJ B MOJM- 
_Mepe). Ecau npeneOpeub B3anmojelicrBveM c 
_ O-CBA3AMM M OOKOBLIMM CBA3AMM B MOJeKyule 


> 


MB oMMepe, TO peakiNa Ra ahrhose Anes 
"= Rv cBomutca =k TpexsleKTpoHHOMy 
“B3aMMOJelicTBuIO, aHaslorMuHo peak K —- 
5+ LM — KL+M (K, L u M — ognopa- 
| WeHTHBIe atombl). Kpupbie Ha pric. | “30- 
' OpaxkaloT U3MeHeEHHe S/IeKTPOHHOM 9HEprHH & CHCTeMbI NOMMMepHbIM payu- 
"Kas + MOHOMep Ha TyTH peakunH. B KayecTBe He3aBHCHMOH CTeneHH cBo6ojIp! 
x BbIGepem paccTOAHMe MeXxKLy OKOHEYHEIM aTOMOM CB TomMMepe UM O0MKANINNM 
| K HeMy aTomom C, yuacTByIOUIHM B JBOMHOM CBASH B MOHOMepHOH MovIeKy.le. 
Kak u3BecTHO, S/IeKTPOHHad SHEprusat CHCTeMbI, paccuHTaHHasd B aMadaTHUe- 
} CKOM IIpHOIMKeHHH, HTpaeT pOMb NOTCHWMAJIbHOK SHEP JBMKeHUNA Aep (7:3), 
' 8B cocrosHum pagieneHHbIX KOMMOHeHTOB (paBbI Kpaii JuarpaMMbl) Tep- 
‘mpi 1, 2,3 4 ornocatTca K OCHOBHOMY HM TpeM HUSIIMM BOsOy2KeHHBIM COCTOsI- 
_HWAM cHcTeMbI. PasnocTb &2 — &1 paBHa 9HepruM BOSOyKJeHUA HecnapeHHOro 


9leKTPOHa B Kpalinem atome C pagukavia R,; es — &1 paBHO sHeprum BO3Oyx- 
“Jlenua monexynbt A= A; e4 — €1 paBHO SHepruu afMaOaTH4uecKOrO paspbiBa 
| x-cpsasu. IIpu ornocutenbHoM pacrovoxKeHuN TepMoB 2M 3 JIA paseJeHHbIx 
| KoMMoHeHTOB cucTeMBI MBI PYKOBOACTBOBAIMCh JAHHbIMM O TOTEHUMAIbHBIX KPH- 
BbIX JBYXATOMHEIX MOJIEKYJ, COraCHO KOTOPbIM SHEPTHA BOSOyAKLeEHUA MoJIe- 
yJIbl, KAK TpaBuso, Goble pasHOCTH ATOMHHIX YPOBHEH, U3 KOTOPbIX BOSHH- 
KalOT PacCMaTpHBaeMble OCHOBHCe HU BOSOyKJeEHHOe MOJEKYJApHEIe COCTOAHUA 
(4,°). Tlonoxenue Tepma 4 orHocHTebHO TepMOB 2 M 3 HECyIeCTBeEHHO, Tak Kak 
 COOTRETCTBYIOUIME MOTeHIMaJIbHbIe KpHBbIe HE BOSMYULalOT Apyr Apyra pH ue- 
CeueHHH. 


R,+A -H 


a) 


Teoperuueckoe olpeslemenve BbICOTb! AKTHBAIMOHHOrO Oapbepa Eaxr peaK- 
wu R,+A= AsRgas (kpupaa 1) Tpe6yeT 3HaHHa chopMbI MOBepXHOCTH 
loTeHivaibyol auepruu (°). Tlpamenenve mpasusta Tlonanu (): tar = 
= 11,5—0,25 q npuBonur K 3HaYeHHIO far 5-6 KKas/Monp. []pHOnuxKen- 
HbI€@ KBAHTOBOMeXaHWueckHe pacuerbl, a TakKKe SKCMePHMeHTabHble MaHHble 
ylaior OMM3KHe K 9TOMY pesyubraret (°). CormacHo (°,°) gacr = 1 + 3 KKaJI/Modb. 

IIpumem cpequee 3Ha4¥eHHe fxr = 3 KKail/MOb = 0,13 93/MoneKyuy. 
TIpu 20°C tar = 5kT, a mpn —196°C ear =19 RT. Ecau Ont Kaxkgplit 
aKT IIpHcosquHeHHA MOHOMepa TpeOoBall TepMM4eCKOM aKTHBAaIMH, CKOPOCTb 
MOAMMepu3alun Opa Obl Malo, OcoOeHHO pH HM3KMX TeMMepaTypax. 

TIpomecc nowuMepH3auuu Mor OI pasBuBaTbCa O23 MouydeHuA 9HeprH OT 
Tepmocrara (oKpyxKaoulel cpembl), ecM Onl WOCTaTOuHaA “aCTb TeMMOTbI peak- 
IMM HeMocp2AcTBeHHO Ila Ha aKTHBAaMio Cileqyl lero akTa MpwcoeqMuHeHHA 
MoHOMepa (3HeprerHyecKan Herb ('°)). O6o3HaguM A BepoATHOCTh KOHILCHTpanun 
Ha peaKIMOHHOl creMeHH cBOOOAbI BCeli SHEPIHH, BoIcBOOOMKLaeMol Mpa peak- 
uuu. Ilycrb & H &y — 9HePlHA, JOKaIM30BaHHaA Ha peaKUMOHHOM KOOpAMHaTe 
pH JIMHe MomMMepa, paBHolt coorBercTBeHHO v H v + N moweKya. Pacuer 
MoKa3bIBaeT, 4TO 


ny ny 
en == q+ BY (00 — 75 9) - (1) 


V3 ycnoBud Ey\v+co > Saxr CuleMyeT, YTO pH OmaronpuATHbIX pactowo- 
*KeHHM WU OPHeHTAaMMH MosleKyJI MOHOMepa Mpolecc MoMMepH3amuu Oyer He- 
3aTYXal0llHM, eCJIH 


& 
iV >> ho = ——_— = 0,18 (2) 
a — . 
faut 7 q 
BesexcTBve OoJIbilloro ucla cTemeHeH CBOOONbI H CHJIbHOH CBA3H MexKLy 
aTOMaMHM H AaTOMHbIMM rpylmaMu B MOJMMepHOH Welu, a Tak2Ke BCJIeCTBHe pac- 
CeAHHA TEMMOTH! PeaKIMH BOBHE, peabHble 3Ha4yeHHA A, MO-BUMMOMY, MeHbille 
KpuTHwueckoro 3HaueHua Ao. IIpu A < Ao pocr MowHMepa Oyyer oueHb OnicTpo 
mpekpamatpea. Cormacuo (1) qumna venu 
DV (Ao — A) 


at — eer — A) 


Ig 


Eo 


eaur i 
a Ig Xr t (3) 


Ecau Ao = 0,13, A = 0,12 uw &> = 10 Eaxr, TO yBeMYeHHe MOMMepHoH Wenn 
cocTaBJxeT Bcero 3 MOJIeKYJIbI. 

3, OrraiKMBaHve HU CBA3aHHAA C HAM HEOOXOJMMOCTb B 9HEPrHH aKTHBAUA 
Ha IlyTH OT COCTOAHUA pasfeeHHbIX KOMMOHEHTOB K MepeXoHOMy COCTOAHMIO 
oOycJIOBIeHbI OOMeHHbIM B3aMMOJelicTBMeM, BbIpaxKaeMbIM MHTerpasamMu @ 
B cbopmysie Jlonzoua (°,°) 


E = Eo +Qiu + Qes + Qai — V (a2 — Gas)” + (O23 — otg1)” + (a31 — aia)? (4) 


Hanporas, KyJOHOBCKHe MNTerpanet Q MOHOTOHHO yOnlBalor pH cOmmKeHMM 
KOMMOHEHTOB CHCTeMbI M CMocoOcrByioT OesaKTHBallMOHHOMy B3aMMHOMYy MIpH- 
TaxeHuio. B padorax ('+""4) noka3aHo, 4TO B peaKIMAX BO3OYKEHHLIX ATOMOB 
YAeuIbHLI BeC KyJIOHOBCKHX MHTerpasoB B OOulell 9HeprHu B3aHMoOselicTBHA 
ropa3qo OovIbille, YEM B peaKIUMAX HEBOSOYKACHHEIX ATOMOB. Dro JoMKHO TIpH- 
BOMTb K YCHJICHHIO MpUTrsAKeHuA B HadabHOu cTauu COMKeHHA pearupyl- 
IHX YaCTHI, T. €, K CYiMeCTBEHHOMY YMCHbIIeHH10, a BO3MO2KHO, HM K OOpanleHuio 
BHYJb SH€prHH aKTHBAIMM peakUMM MpHcoeyquHeHHa MoHoMepa A = A xk B03- 
6yKNeHHOMy TomMMepHomy paquKany R, (kpupaa 2; R, — palukal Cc BO3- 
Oy MeHHbIM HeCllapCHHbIM 3/I@KTPOHOM Ha OKOHe4HOM atone C). 

B mpouecce Ry + A = A +R,4, onospemenno c nepenaueii cBoSomnot 
BaJICHTHOCTH JOJDKHA MIpOMCXOAMTh TakxKe Mepeaya 9MepruH BosOyKNeHUA Ha 
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HOBbIM OKOHEYHDI aTOM C B IIpHCoeHHEHHOM 3BeHe TomuMepa. CocrosHHe Ry44, 

COOTBETCTBYIONIee BOSOyKeHHIO O-cBA3eH B MOMMepHOl Menu, HeycrosuHBO 

TO OTHOWeEHHIO K HeaMaOaTH4ecKoMy Mepexoxy B KOHurypawuu xy. Takum 
cary 


_00pasoM, B IIpHcoeMHMBINeM MOHOMepHyt0 MOJIeKysly pawuKane Ry1, Hecmapen- 
| HBIM SJIEKTPOH OKa3bIBaeTCA BO3OYXKIeCHHBIM, 4TO OOeCHeuHBaeT BO3MOKHOCTb 
Oe3aKTHBaUMOHHOrO MpHcoeqMHeHUA BTOPOH, TpeTbeli MH T. I. MOJIeKya, MoKa 
OCYII€CTBJICHbI YCIOBHA OlarompHATHOTO pacnosoKeHuA HM OpHeHTallHH B MO- 
Homepe. Ilepeqaua sHepruu Bos6yx Zena Ha (v + 2)-10 MomeKyay craOumH3H- 
| pyer (v + 1)-10 o-cBa3b HT. 2. CrpemkKa ua puc. | noKasbipaeT Kak Mpoxoqus 
| Obl Mporecc craOusMsauH (Vv -> 1)- o-cBa3H B NOMMepe B TOM HleaJIM3HpoBaH- 
HOM CJly4ae, eCJIM ObI BLINOJHAOCh yCuIOBHe 


0 Liph % >" Ain, 


Jy44, v42 = Re| WaVvir, viePvadQ = bas ipwlx = okurs (5) 


: . 
Srecb Vy4, a Yyi. — seKTPOHHble BOJIHOBbIe (PYHKIMH CHCTeMBI pH BOsOy2KTeH- 
‘HBIX (v-+-'1)-H w (v + 2)-H Momexysax, aVy41, y42— oleparop B3auMojelicTBuaA. 
Us hopmy.uibi 21a BpemMeHu Tepexoa 9HeprHn BOsOyxZeHHA (1) 
t 
Jy44, y-+2 


(6) 


t bq 
Cjlelyer, YTO pu ycoBuN (5) Mepenaua BO3OyxeHHA 3 (v + 1)-H Ha (v + 2)-t0 
MOJIeKYJIy B MlOJWMMepe Npoucxosuia Obl MrHOBeHHO B KOHCurypallWu xy, Co- 
OTBETCTBYIOUleH MIHOBEHHOMY «BKJIIOWeHMIO> OOMCHHOTO B3aHMOMeHCTBAA Mex Ly 
COcTOAHHAMH Ryi, H Ry4o. 

_ B jelicrpuresbHocTH nepeyaua aHepruH BosOyxJeHHA Ha (v + 2)-10 Mose- 
“KYJIy B MOJMMepe IIpovCcxXoAT He Np *UKCHpOBaHHOM KOH@HTYypaluH aToMos, 
a B ipowlecce oOpa30BaHua (v + 2)-fi O-CBA3H, aHaJIOrTHYHOM Mpoueccy oOpa- 
‘sopaHua (v + 1)- o-cpa3u, H300paxeHHomy Ha puc. 1. Ilostromy cra6uau- 
Zamna (v + 1)-ro 3BeHa MOJHMepHOH Wem WpoTeKaeT He B Bue Nepexoya no 
npunuuny DpanKka — Konfoua, a myTemM nNocreneHHow edopMalMa KpHBOH 
2.8 kpuByto / 3a BpeMA OAHOTO HIM HeECKOJIbKUX KOJIeOaHHH aToMoB. Tak Kak 


‘SHeEprua BOSOyKeHHA HeCMapeHHOTO J/IeEKTPOHa B MOJIMMepHOM pajlMKavie Ry 
He 3aBHCHT OT JJIMHbI WelnM v, Mepelada SHeprHuv BOSOyKMeHHA OT MOJIeKYJIbI 
1K MoslekyJie B Mpollecce pocra NOJMMepHOH Wenn OyeT CONpOBO*KLaTECA Mepe- 
XOJOM cTraO6vmM3upyeMbIX 3BeHbeB B COCTOAHHe KoseOaTeJIbHOrO BOSOyKTeHHA, 
“Tipuuem BbICBOOOKLaeMad SHEPIUA PaBHa PaSHOCTM SHEPTH O-CBA3H B TOMMMe- 
“pe H %-cBa3H B MOHOMepe (cM. pic. 1). Daye 3 SRR ol 1 2 Egy oe ao 

| Wax, SiexTpoHHoe Bos6yxJeHHe NOMMepHoro paluKasla WelaeT BO3MOx- 
‘HbIM Oe3aKTHBalMONHbI pocr wen. Tipu OarompMATHbIX pacnolomKeHuu ut 
OpHeHTallHH MOHOMepHbIX MOveKyJI (HanpuMep, B KpucTamme) TakOM pocT MouH- 
| MepHOH env MpescTaBrxeT coOol eLMHbI SeMeCHTAPHbIM AKT paciipoctpaneHus 
NeKTPOHHOTO BOsOyxKMeHHA, B KOTOPOM S9Heprus BOSOyKeHHA, NepexoyA oT 
MONeKyJIbI K MoweKysle, CUIMBaeT UX B MOJMMED. JI AHTeMbHOCTh pocta MW [WiMHa 
TIOMUMepHOH Wel oMpesenAIOTCA pH STOM BpeMeHeEM AKU3HH WM CKOPOCTbIO pac- 
MpoctpaHewua snekTpouHoro BosOy2xKeHus. 

| 4. Tako mponecc panuKkambHo MouMMepusallMH mpeycTaBiseT CcoOoK Ho- 
|BbI acmeKT 9KCUTOHAa. Kak H3BeCTHO, JOCTaTOUHO JOJITO 2KUBYyWee BIeCKTPOHHOe 
‘Bos6yxleHve B MepHomuueckoH CTpyKType He oOcTaeTCA JIOKaIM3OBaHHbIM Ha 
OllpesleseHHOM aToMe UM MoOJIeKyvJie, a MepemelllaeTcd NO CTpyKType B Buse 
‘BOMHbI BOSGyKMeHuA — aKcuToua (1°, *’), CKopocTb SKCHTOHa v ~ a/t, rae a — 
Miepvol cTpyKTypbi, a tT— BpeMA HaxowKMeHWA OKCHTOHA Ha OlIpeseseHHOM 
Y3ule pelleTKU, onpefenaemoe dopmysol (6). Ec Bpema nepefaun Bos6y- 
#eHUA T MCHbIIIe BPeMeHH CMeLLEHHA ATOMOB Tar, TO SKCHTOH MpecTaBAeT 
CoOOli BOMHY TOMbKO 9eKTPpOHHOrO BosOyxeHuA. IIpH T > Tar SKCHTOH ycmie- 
ae€T M3MCHHTb paBHOBecHoe pacnovlowKeHwe aTOMOB M MpefcTaBAeT coon 
COBMECTHOE TepemelleHHe 3/eKTPOHHOTO BOSOYKAeCHHA MH MOKaIbHOH ympyrou 
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neopMauuu crpyktypbl. Ha napywienusax repMoM4yHOCTH SKCHTOH MOXeT J1O- 
KaJIH3OBaTbCH. 


Pacemotpym nomwumep R, B KOHTaKTe C «3aroTOBKOliy B BUyle TMepvoyuue- 
CKOH CTPyKTYpbl MOHOMepa. OleKTpOHHOe BOsOyKMeHHe NOMHMepa JOKaIM3yeTCA 
Ha OKOHe4HOM aTome C (Ha rpaHHue MOJIMMepHOH CTpyKTYpbl), ABJIAIOWEMCH 
HOCHTeIeM CBOOOAHOM BasIeHTHOCTH. KoHTaKT C MOHOMepOM jleulaeT BO3MOXK- 
HBIM paciipocTpaHeHve SKCHTOHAa B Be CamocorlacoBaHHOrO Wpollecca pocta 
lem HM mepeqaun BosOyxLeHuA. I]puxol SKCHTOHa Ha KOHEI, MOJIMMepHOK Wenl! 
BLISBIBACT MPHCOeAMHEHHE MOVICKYJIbl MOHOMepa, a MpOHCXOAAILaA NpH STOM 
MeperpyMNupoBka aTOMOB OOeCHeyMBaeT YCJIOBUA MasbHeluel Nepeqaun SKCH- 
ToHa. TakuM OOpa30M, B CHCTeMaX C JBOHHbIMM CBA3SAMH, CIOCOOHBIX Cyiie- 
CTBOBATD B JIBYX YMOPAAOYCHHEIX MOLMUKALUAX — MOHOMEPHOH H NOJMMepHon, 
BO3MOXKeH HOBbIi BHUJ, JKCHTOHA — BOJIHA SIEKTPOHHOTO BOsOyxKeHHA, COMpo- 
BOK aemMad BONHOH Heympyroi (ocTaTouHol) ehopmanuu. IIpu a ~ 107° cm 
u t~ 10718 ceK. SKCHTOH, a CJIeEOBaATeJIbHO, HU (POHT NOMMepH3alHN, mepe- 
MellaeTCa co CKopocThio v ~ 10° cm/cek. 3a BpeMaA 2KU3HH 9KCHTOHA (~ 10° § = 
—- 10° ® ce.) MoxeT o6pa30BaTbca Wernb QMHOK B 104 — 10° monexya. Ha @pou- 
Te NOJHMepH3allMH MPOWCXOMUT BbIeeHHe Tella, paBHOrO pa3HOCTH SHEprHli | 
o- HM %-CBA3e€H, OHaAKO Mp pacCMOTPpeHHOM BbIIle 2KCHTOHHOM MeXaHH3Me— 
pasBuTue Wen oGecneyuBaeTca Nepesavelt SHEP 9IEKTPOHHOFO BOSOYKMeHHA, | 
a He BbIeJIeHHeM Tella B XOJle peaKUMH. ) 

I[punoury GnarogapHocTh aka. H. H. Cemenosy u mpo. H. JI. Cokonosy 
3a IWeHHyIO JMCKYCCHIO. | 


@usvuecknl uucTuTVT uM. IT. H. Jle6enesa: Tlocrynua0 
Axajlemuu HaykK CCCP 13 VII 19602 
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oxnayp Akanemun nayk CCCP 
| 1961. Tom 136, Ni 4 


PHSHYECKAA XHMHA 


B. C. BOFAAHOB 


BOSHHKHOBEHHE A9SPO3SOJIEM MPH PAXMOJIN3E 
rA3OOBPA3HbIX YIJIEBOJOPOOB 


(II pedcmaeaexno axademuxom B. A. Kasanckum 7 VII 1960) 


|  BosHMKHOBeHHe M paspylleHve asposouei, COpasy!oulMxCA Ip pasnouuse 
| Tas0oOpasHbIxX yrvieBOMOpOLOB, U3y4aNOCb ONTHYeCKHM MeTOJOM H MeTOJOM Be- 
COBbIX KOHIeHTpalw. OTH MeTOJLI ONMCAHbI B MIpesbiLyujeh padote (1), B KOTO- 
pow HcciefoBaIuch aspo30uH, COpasyronlvecn mpH palMouuse MeTaHa. OOuy- 
“YeHHe MPOBOAHOCh OBICTPLIMH 3JIEKTpOHAMH Co cpefHelH sHeprveH 112 xkoB. 
/Jlna cpaBHenua c padotamu (7-") mo H3y4eHHIO pasMallMOHHO-XHMU4eCKHX 
| peaKIMH OMbITHI C 9TAHOM, MpomaHoM, H-OyTaHOM, 9TUJICHOM, MpomumeHom u 
CO CMeCbIO Me€TaHa C KHCJIOPOOM MpOBOAMINCh B JIATYHHOM peaKTOpe, OIIbITHI 
\c alleTwieHom — B xenesHOM peaK- 


TOpe HM OMIT! CO CMeCbIO STHeHAa C 
KUCJIOPOAOM — B aJIIOMHHMeBOM peak- 

' Tope. OObem Kaxoro peaktopa pa- | G8 
BeH 2 J. . 

_ Ha pue. | mpupejenbi 3asucumo- J 
‘CTH ocua6meHuA cBeTa co Bpemenem 8&8 6 
(c norsomeHHol 2Hepruel) quia aspo-  & 
s0ulel, BOSHUKaIOuLUX pH o6yuenun S 7 
sTaHa, mponaHa u xv-OyTaHa, mpH © 
=” = 20°) p= 1 atm., untencusHo- 8 . 
[CTH 9eKTPpOHHOrO ryuka J = l0 pa Gz 
uJ = 100ya uspemenu oOnyuenus 


30 muH. M3 puc. 1 BuyHO, uTo Han- A: ie 


‘Oospuiee ocja6leHve CBeTa IIpoucxo- 0 2 W w HO mum 
aot B enbre C H-OyTaHOM, HavMeHb- Puc.,1. ;smenenve cpetoBoro moToKa CO Bpe- 
mee — B OMBbITe C IIpOMaHOM, IIPHYeM wmenHem AA adposOueli, BOSHHKAIOMUX MPH pa- 
mip 100 wa Ha Bcex KPMBbIX COpa3so- AvONNse: a — nponana, 6 — sTaHa, 6— H-OV- 
BaHHA a3po30JIA HMeIOTCA MHHHMy- 2 g2n¢ 

“MBI, pasjlesmroujve UX Ha JiBe UACTH. 

Tipu veOonpumux Bpemenax (03ax) HadI0aeTCA NpAMOJMHEHHaA 3aBUYCMMOCTD 
“ocmaGJIeHHA CBeTa OT NOrOUleHHOl SHEprH, 3aTemM MpOMecchl koary AMM Hi 
CeHMeHTAIMU IpHBONLAT K TOMY, YTO XOTA H MpofomKaeTcA Wpolecc oOpaso- 
BaHUA a9po30IA, HO ocaGmeHve CBeTa 3aMeTHO yOpiBaeT. Iloce npekpamenua 
“OOYYeHHA adPO30IM MOBOADHO ObicTpo paspywmaioTcA. YMeHbIIeCHHe HHTeHCHB- 
‘HOCTH 9eKTpOHHoro nyyKa co 100 pa jo 10 wa ymenpulaeT ocmaOneHMe cBeTa 
‘TIpHMepHo B ipa pasa. 

_ Ha puc. 2 npupeyenbl 3aBMcuMocTH oOcJaOIeHHA CBeTa CO BpeMeHeM Ia 
posovleH, BOSHUKaIONLUX pu oOyyeHHU cMeceli MeTaHa C KMCJOposzom (co- 
‘rap 4: 1) u sTueHa c Kucnopofom (1: 1) upu p = 1 am™., J = 100 ya uw npn 
= —10° (kpusnie /, 2) u ¢t = 20° (KpuBble 3,4), a TakxKe KPHBaA AA agpo- 
Os, OOpasylomlerocs pH OO6syyeHHH Mponusena upu p= 1 at., t= 20° u 
[= 10 pa (kpusan 5) u J = 100 pa (kpuBas 6). Bpema oOny4eHuA BO BCex 
ay4aax paByo 30 MuH., 3a HCKIIOUeHHeM KpHBOH 6, re OHO paBHo 10 mux. Bce 


12) 


FT 


KPHBBIe Ha pHc. 2 HMelOT TOT 2Ke XApaKTepHbIii BA, YTO H KpuBble Ha puc. |, T. e. 
rlocle MOrOWeHHA oMpeseeHHoro KoMYecTBA SHeEpruu HaOsIoLaeTCH MaKCH- 


MaJIbHoe OCa6sIeHHe CBeTA. 


TemnepaTypHaa 3aBHCHMOCTb HavOoslee pe3KO BbIparwKeHa B Cilyy¥ae CMeCH 
CHa + Oz. B cayuae xe cmecH CoHa + O2 W3mMeHeHHe TemIepaTypbl B yKasaH- 


10 
ye 
08 
| 96 
3s 4 
S 
NS 
§ 4 °o @ 
N 0b 
She x 6 
0 i 
10 20 JID 40 mur. 
Puc. 2. WM3smenenue cBeToBoro «m0TOKa Co 


BPeMeHeM WIS agpo30uleH, BOSHHKaIOULHX 

IPH paywouuse: @ — CMeCH MeTaHa C KHC- 

nopofom, 6 — 3THMeHa C KHCIOposoM, 6 — 
mpomuiena 


HbIX lpefesax MaJlO MeHAeT OcmMaOeHHe 
cBeTa. STO, OY€BUAHO, CBA3aHO C TeM, 
UTO adPO30JIH, BOSHUKaloMlMe pH oOsy- 
yeHuu cmecH CHa-+ Os, npescTaBJIA10T 
co6oH BOJHbIe pacTBOpbl MypaBbHHOH 
KMCJIOTH, (POpMaJIbderua HU nepeKucen, 
a a9pO30JIH, BOSHHKalolHe IpH o6sy4e- 
HMM cMecH C2H. + Oz, COCTOAT B OCHOB- 
HOM H3 BbICOKOKHMALMX MpOLyKTOB (°). 
Peskoe yBeJIHYeHHe adpO30JIbHOM casbl 
TIpH MOHWKeHHH Temnepatypbl oT 20 
jo —10° B cmyuae CH4a-+ Oc aBasetca, 


O4UeBUHO, Tip4HHou TaKOLO 2#Ke Pe3KOLoO © 


H3Me€H€HHA KaveCTBEHHOFO COCTAaBa IIpo- 
JLYKTOB OKNCJIeEHHA, HaGs1O,aeMoro HMeH-~ 


HO B STOM y3KOM HHTepBale Temmlepa- 
Typ B paOote (°). B cmyuae »e cMecH 
CoHa-+ Oz Masble W3MeHeHHA a9po- 
30JIbHOK (pasbl C TeMMepaTypow COOTBeT- 
CTBYIOT TOMY (paKTY, 4YTO COCTAB MposyK- 
TOB B 9TOM HHTepBayie TemilepaTyp 
IIpaKTHYeCKH OCTaeTCA HEH3MeHHEIM (°). 


CreqoBaTeIbHO, H3MCHCHUA B a3pO30JIbHOM chase MOFYT BAMATb Ha xo payMa- 
I.MOHHO-XUMMYeCKHX peakUMH. UTo KacaeTca aspo30ua, OOpasyrollerocaA mpu 


OOJIYSeHHH Mpomusena, TO MOUTH Nou- 


Hoe ocjaOseHHe CBeTAa HacTyiaeT yxKe Ha Me/n 


4-7 mun. mpu J/= 10pa. Ipu 100 wa na 
KPHBOH OTCYTCTByeT MHHMMyM, T. e. 
TIPOMeCChl, PasPYWIalollue adpo3s0ub, HE 
IIpHBeJIM B JA@HHOM OMIbITe K YMeHbILle- 
HHIO OCNAOJIeHHA CBeTAa. 

Ha puc. 3 M“3MeHeHHe BeCOBOH KOH- 
IleHTp allMu CO BpeMeHem (Cc MOrsouleHHOu 
SHeprHuel) aHo AWA adposouen, oOpa- 
3YIOWLUXCA pH palMouse 9TaHa, mpo- 
maHa, HOpMaJIbHoro OyTaHa H CMeceli 
CHa = Os"(4's 1) wu Cells Oat ca) 
mpu ¢= 20°, p= 1 at. 4 MHTeHCHBHO- 
CTAX SJIeEKTpOHHOrO nyuKa / = 10 wa u 
{= 100 wa. Bpema o6syseHHa paBHo 
30 mun. Han6oupiiue 3HaueHHA BeECOBOI 
KOHICHTpalwH B Cyly¥ae mMpesebHBIX 
yruleBoJoposqoB, Kak uM Han6ompuiee 
oca6uleHHe cBeTa, HaOsOfaeTca y H-Oy- 
TaHa, a HaMMeHbuiee — y nponana. Mak- 
CHMaJIbHbIc 3HaYeHHA KOHIMeHTpaluit 
CIBHHYTH B OOACTb OOuIbIIMX 203 TO 
CpaBHeHHIO C MaKCHMAaJIbHbIM ocsabse- 
HHeM CBeTa, TAK KaK MocyleqHee 3aBHCHT 
He TOJIbKO OT BeCOBOH KOHILCHTpaluy 
a2poO30/IA, HO M OT pasmMepa ero YaCTHIL. 
MakcuMaJIbHad BeCOBaA KOHIeHTpallna 


50 mun. 


Puce. 3. M3meneHue BecoBoH KOHILeHTpallHv 

CO BpeMeHeM JIA adpo3o0seH, OOpasyloulHXx- 

CA Mp paHouu3se: a@—cmeCcH MeTaHa C 

KHCOpofoM, 6 — 9THIeHa C KHCIOpoxoM, 
6 — 9TaHa, 2—tponana, 0 — 6yTaHa 


quia cmMecH CeHa-+ O2 ocruraetca 


3HAUNTeJIbHO ObicTpee, vem Aa cmecu CHa + O2 HM MpeBbililaeT ee M0 Be M4HHE. 


2 


_Ysernuenve MHTCHCHBHOCTH SJIeKTpOHHOrO Ty4Ka c 10 go 100 wa yBemuauBaet 
-BeECOBY1I0 KOHIleHTpaluio B 5—8 pas. >. 
’ Ha plc. 4 MpHBeeHbI 3ABMCHMOCTH BeCOBEIX KOHIeHTpallMli Co BpeMeHeM JIA 
“A9posO0JIeH, BOSHUKAIOWIMX MIpH pasuonMse STHIeHa, MpomueHa UM alleTuseHa 
mpu 20°, p=1 am., J= 100 wa (aqua mponunena eme u npu J = 10 pa). 
“Bpema oOsyuenua AA Mponuiena u aneTunena mpu 100 pa paBuo 10 muu., 
-a JIA STHIeHa HW Mponuuena mpu 10 ua paso 30 Mun. MaxcumMasbHo JocTurnyTas 
‘BecoBad KOHIeHTpallua, papHad 40 mr/n, HaOmoaeTca B OMbITe C MpoMMIeHOM 
Ha 5-H MMH. Ip Mormomjenuu sHepruu 1,75-1022 98. YmenbuileHuve HHTeHCUBHO- 
ctw Jo 10 a yMenbllaeT BecoBy!0 KOHIeHTpPallui0 a9po30/IA B OMbITe c Mponuse- 
HOM IIpHOJM3uTeIbHO B Ba pasa. MaKcuManbHO MomyyeHHad KOHIeHTpallua 
A2PO30/IA B OMNbITAX C STHJICHOM IIpHMepHo Ta- 
’Kaat Ke, KaK UB OMbITe C MpOMMJIeHOM, HO 45 
AOcTHraeTcA IIpH MOrouleHuu Gowbulero KO- 
“JMuecTBa SHeprHH (2,8-10?? 98). Bo Bcex cay- 
)4axAxX BeCOBaA KOHICHTpallua, OCTurHyB MaK- 
“CHMaJIbHOrO 3Ha4eHHA, HAYMHAeT YOLIBATb Ip 
AaNbHeMIMeM NOPOUeHHH SHeEprHu 3a cueT gy 
‘TIPOWeccoB, paspyilarouyux aspo3oub. Maxcu- 
‘MaJibHad KOHIeCHTpaluA AIA adpo3souA, MO- 
“y¥eHHoro o6.1yyeHHeM alleTHeHa VM COCTOA- 
iWero W3 TBeEpPALIX UaCTHIL KympeHa, Haliyjena 
pasyon 27 mr/a. 

» Takum o6pa30M, B 30HE peakILHH Cc poc- 
‘TOM HO3bI MpOHCXOAUT CHa4yana HakoMJeHHe 
AIPO3ONbHOM (ha3sbl C pasIMUHOM CKOpOCTHIO H 
‘flO;pasHbIX KOHUeHTpallult B 3aBHCHMOCTH OT 
“peareHToB, a 3aTeCM YyMeHBbUIeHve ee 3a CueT 
MipolleccoB pa3spywienua asposouel. Ilocne g we 
MIpekpaienua oOy4eHuaA MoyyeHHble cucTe- oe 
-MbI NpOOMKAalOT CYUIECTBOBATb B TeYeHHe Puce. 4. UsmeHenue BecoBon KOHIL€H- 
menOTOpO) GO BPeMeHH: OT HHECKONDKUX MUHYT  TPaUMu CO BPeMeHeM AyM) aaposoueH, 
‘\(OMbITEI C alleTHIeHOM) JO HeCKOJBKUX MecAT- dea eam ae ands & 
; poOlmnueHa, O STHJIeHa, 6 are 
“KOB MMHYT (OMbITEI co cmMecbIo CHa + Oz). THleHa 

| Bra6a. | npupenenbt 3Hayenua BEIXOM0B 

‘a3posoIbHOH casbl G, (KomMueCTBO MpeBpa- ; 
MNeCHHBIX MOJIEKYJ HCXOHOrO yrvieBofopofa, HaJeHHOe B adpO30JIbHO (pase 
JIpH norsonjenuu 100 9B sHeprum) B 3aBHCHMOCTH OT BpeMeHH (A03bI) Mpu 


15 


10 20 


Ta6Ouuna-1 


pees Ga 
td 
5 BeulectTBo oe Bpema oOvlyyenua, MHH 
Ese | o 
Sox 3 5} .40.1 20. 71303 
e 
CH, A Adial 2iaes 0,10} 0,413) 0,20 
, C,H¢ 2,03 | 4,4 0,85/0,90} 0,60 
j C3Hs 3368" 6,7 0,37] 0,40} 0,20 
I CHagelnsy68. (44,0 0,42]0,30| 0,27 
| 2H, Bron) 8,8 5D) D's Ope) 2500 let ao 
C3H¢ 3,49 | 20 Toil (OnON en 
CHO, | 1,62) 3,6 2.8) (25 Dante 
Carigee On e202 9,4 453)-3,5 12,674, 0,4 
2H 2,04 |56,6|18,7|11,8|6,4 


WHTeHCHBHOCTH 31eKTpOHHOro myyKa, paBHou 100 wa, p= 1 am. u ¢ = 20°. 
JIA CPpaBHeHHA abl 3HayeHuAa G (KOJIM4eCTBO MpeBpalileHHbIX MOJIeEKYyJI HCXoO,- 
Oro yrsleBofopofa, HaligqeHHoe B %KMAKUX HM TBEPAbIX MposyKTax) (7%). 
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Kak BHJHO M3 jlaHHbIxX TaOl. 1, 3HaYMTebHOe KOJIMYeECTBO OOpasyIOWHXcA 
*KHIKMX MpOAyKTOB pajlMal\HOHHO-XHMHMYeCKMX peaKIWH Mpoxo,uT uepes 
a3po30/IbHoe cocTosHHe. Bpixoybl Ga MCHAIOTCA B WIMPOKMX Npefeax Kak B 3a- 
BHCMMOCTH OT HCXOJHOro yruleBoopoya, TaK MW OT KOJMYeCTBA NOTJOWeHHOH 
3HeprHun. HavOoubuiMl BbIxo] HalileH y alleTHJleHa MW HAMMeHbIUIMH — y MeTaHa, 
IIpHueM, KaK MpaBHJO, BbIXO aIPO3OJIA MalaeT C pOCTOM MOFIOMeHHOK SHEPrHH. 
Tak, Np yBesM4ueHHH BpemMeHH OOnyyeHHA B IO pas BbIXO, AA cmecw CoHa + 
+- Os yMeHbilaeTca Ooslee 4em B 12 pas, a BbIXO] AIA N-OyTaHa Ip yBeIMYeHHU 
BpeMeHH oOGsyyeHHA B 3 pa3a yMeHblaeTca B 1,5 pasa. Bpixogbl B calyuae 
HEMPeeJIbHbIX YrvieBOAOpOAOB HU cmece CHa u C2Ha4 c Oe Ha HopsgoK Oosupule 
BbIXOLOB B Culy¥ae MpeeJIbHBIX YIVIeBOLOPOAOB. SaMeTHM, 4TO MAKCHMaJIbHBIM 
BEIXO], G, He COOTBETCTBY€T MAKCHMAJIbHBIM KOHICHTpaluam: Tak, y alleTHeHa 


G, = 18,7 u konueHTpauusa 27 mr/n, a y tponunena G, = 7,8 U KOHMeHTpauuA 
40 r/o. 


VWuctutyT opranuyeckow xumuH uM. H. JI. 3enuucKoro Tlocrynuso 
Axajemuu HayK CCCP 5 VII 1960 
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7 Jorkxann Akanemuu Hayr CCCP 
1961. Tom 136, No 4 


PHSHIECKAA XHMH A 


} Yaen-koppecnonzent AH CCCP Lf. K. BOPECKOB, B. A. J3HCbKO 
u T. A. TIOJIMKOBA 


BJIMAHWE BOAbI WH KHCJIOPOAA HA NOJIMMEPH3ALLHEO 
ITWUJIEHA HA OKHCHOXPOMOBOM KATAJIM3ATOPE 


' TIpu ocyuectarenuu rIy6OKOH MOMMepHsalluH 9THIeHA B IIpMcyTCTBHM 
‘OKUCHOXPOMOBOrO KaTaH3aTOpa BbIXOLL MOIMMepa Ha eHHMIy Beca KaTaH3a- 
Topa KomeOmeTcaA B WHpoKux mpesemax ('-*). EctectBenHo {mpesnooxKHTD, 
TO 9TH KOMeOAHHA CBASAHbI C BIMAHHEM IIpuMeceli, MipHCyTCTBYIOULHX B pasJiMy- 
‘HbIX KO/IMYeCTBAX B STHNeHe HAM pacTBopuTene. Hacroamlaa paOora nocBamlena 
ACCIEAOBAHMiO BIIMAHMA COepxKaHHA BOWL! U KUCOpoa B ITHJIEHe Ha BbIXO] 
mlouiMMepa. 
_ Katanusatop roToBusicd MponuTKOH aJsOMOCHMKaTHOrO HOCHTeJIA pactT- 
‘BOpOM XpoOMOBOH KUcOTH. B KayecTBe HOCHTE/IA MCHOAb3OBaIH WapHKoBbllit 
‘AJMOMOCHJIMKATHBIN KaTaM3aTop c HacbINHbIM Becom 0,43, lipeoO ay, aroulLum 
‘paauycom nop 40—60 A u nosepxuoctpto 300 m?/r*. Tloc1e IpOMUTKH HOCHTEJIb 
scymmsiu np 110° u npokanuBanu B Mydene mpu 250°. 
‘AKTHBUpoBaHHe Mpow3Bo,uNOch HarpeBaHHeM B Teye- aia 12 
‘ave 4 uac. npu 400° u gaBnenuu 10-2 pr.ct. Jia 
STOroO HaBecKy KaTa/IM3aTOpa MOMellaJIM B TOHKOCTeH- 
‘HbIe aMMYJbI, KOTOPble IpWnavBaiu K rpeOeHKe Ba- 
“KyyMHoOM yctTaHoBKH. Ilo okoH¥uaHHM akTHBalu aM- 
TyJbl oOTMavBain M B3BeIMBaIHM. ToroBbli KaTasin- 
‘3aTop cosepxat oKo0 5% CrOs. 
' IlepBoHayaibHo OblIH MOcTaBJIeHbI OMbITb! C BO3- 
MOXKHO Golee NOMHOM o4NcTKOM sTHIeHa. McxoxHpiit 
'STHJIeH TOL JaBenvem 50 aTM. MpoOxoAM yrovIbHblii 
@HNbTp, KOMOHKY C HHKebXPOMOBbIM KaTaJH3aTOpOM 
‘WA OUMCTKH OT KHCOposza uw 2 KOMOHK C AKTHBHOI 
‘OKUCHIO AaJIOMMHHA AA yanenua Baaru. Iloctymato- 
WMH Ha MOMMMepusallHio 3STMIeH cosep2Kal MeHee 
“Tpex yacTeH KHcIOpoa Ha MUJIIMOH, TOUKA pocpl ObI- 
na HuKe —6D°, 4TO cCooTBeTCTByeT COJepKaHHIO pyc. |, Aproxmas qa HC- 
‘BOLbI MeHee Tpex yacTeH Ha MHvIIHOH. B KauyecTBe cileqoBaHHA KaTawHTHuec- 
aCTBOPHTeJel HcMOMb30BaIH Oen3HH MapkKH BP-1, — Koli momumepusaunny J — 
TMK Norekcan, reritan u Apyrne. PactBoputenH mpelBa- mee ap elagiet a, 
ae OYMMLaIH TpexkKpaTHOH OOpadoTKON cBexKe- 
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4 amnyJibl, 4 — Tepmomapa, 
POKaJICHHOH OKHMCbIO aJIIOMHHHA WH NpOyBKou a30- 5 — dblaneu, 6 — KppluiKa, 
TOM, OUMMIEHHBIM OT KHCJIOposa H BOLbI. Coflep2KaHue 7 — 6o:T © raHKoit, 
‘BOJbI B OUMUIEHHOM TAKUM OOpa30M pacTBOpHTese Co- a OAL oneal Ronee, 
CTABAJIO OKOJIO 5 UaCTelH Ha MHMJIJIMOH. nompiit, 12 — creprxens, 
KataluTvyeckad NOMMepH3alHaA OCYULeCTBIAIACb 13—pykosTka . 
ABTOKaBe C€MKOCTbIO OKOJIO OMHOrO JHTpPa, H3ro- 

OBJIEHHOM M3 HepxKaBerouleH cTaiH. [IpHHumMasHcb CmeWHabHble Mepbl WIA 


‘TipehoTBpanieHua onakanua npumeceit B peakI{MOHHys0 CHcTeMy BO BpeMs TIpo- 


ABTopbl mpuHocaT GarofapHOcTb TMlaBHOMy HHwKeHepy ToppKo3cKkoi Gast HAMMHIT 
. A. Jiumkuny 3a mpesoctapienne O6pa3i0B HOCHTeWIs. 
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peleHua onpita. ABTOKsaB (pyc. 1) Obl cHaowKeH QJIEKTPOMAFHHTHOM MelaJIKOH, 
KapMaHOM JlJIs| TepMoMapbl W MpHicnocooseHveM AWA pa3OuBaHuA aMmyJ. 
TlopsokK mpoBeyeHvA OMBITOB Obl CuleAyIOWMH. K mIToKy, Npoxofamemy 
uepes Bal MCUAIKH, IPUKpelwIAIH aMnyJy C KaTaJIM3aTOpoOM. ABTOKJ4B 3aKpbI- 
BaJIH KPbILIKOH, TOMeMaJIM B pasbeMHYIO I/ICKTPHYECKYIO Ned KM IPHCOeAMHAIN 
K YCTAHOBKe Jif OUNCTKM STHJIeHa. GaTeM aBTOKNAB HarpeBas LO 200°u oTKa- 
yNMBaJIM (bopBaKyYMHBIM HacocoM B TeyeHHe 2 yac., Nocwe vero OxMAKLAIM AC 
100° uM HeCKOIbKO pa3 TIPOMbIBaIH OUNILECHHbIM STHJICHOM. B oTKauvaHHbll 
aBTOKJaB CYXHM a30TOM TepeqapiuBaiu 300 r ouMMeHHorO pacTBOpHTeA, ¥ 
nolaBaiM Cyxoli 9THeH MO OCTMKeHA JaBNeHUA, paBHoro 35 atm. Tlocue 


S 200 400 
S 
s 
8 100 200 
3s 


{IpousbodumeneHocms KAMANUZ2MOpU 


if) ’ 0 C} 
gy 

a ue S He ti] vA a a i me. 

Codepacanue Kamanuzamopa 6 pacmbopumene QOEpHAHUe KaMANUZAMOPA YU PACINVOPUMENE 
Puc. 2. SapucumocTb KoMueCTBa OOpa- Puce. 3. 3aBHcHMocTh IIpOH3BOAMTeIbHOCTH, Ka 
30BaBIerOCA MOJHMepa OT KOHILeHTpa- TaIH3aTOpa OT KOHUEHTpallHu ero B pacTBOpH 
HH KaTaiu3atTopa B pacTBopuTese. | — Tene. / — coflepxKaHve BOJLI B pacTBOpHTe 
cofepsKaHue BOMbI B pacTBOpHTee 5 u/mau, /7 — cofepxKanve BOgbI B pacTBOpl 
5 u/mun, //—comep2KaHHe BOLbI B pacTBo- Tene 20 u/mMaiH 


putere 20 u/maHs: 


YCTaHOBJICEHHA POKUMA HaKATHeM Ha WTOK pa3sqaBHBaIH aMIysy c KaTaiusa 
Topo. Ilo Mepe NOJIMMepH3allMN STHJeHa aBeHHe B ABTOKJaBe Naalo, U erc 
CHOBA JOBOAMI Lo 35 aTM. BIYCKOM HOBBIX NOPUMH STHIeHAa H3 CHCTeMbI OUHCTKH 
Te NOWepxKUBaOCch JaBeHue 50 aTM. BuirpyKeHHbI 3 aBTOKaBa NOHSTH 
JI@H CYLIMIM JO NOCTOAHHOTO Beca H B3BelWHBaIH. IIpH onpesemeHHu Beca 0 
JMMepa BBOMIM NonpaBKy Ha BeC aMMNYJIbl C KaTaIH3aTOpOM. 

PesyJIbTaTbl UCCeOBAHUA NOJMMepH3alWH STHJIeHa B YCJIOBHAX MAaKCH 
MaJIbHOH OUMCTKH MmpecTaBseHbl Ha pu. 2, J. KpuBasa 3aBHCHMOCTH KOJMUeCTBE 
oOpaso0BaBluerocaA MOJMMepa OT KOHICHTpalWH KaTamusaTopa B pacTBOpHTest 
vmeet S-o6pa3Hyto0 cbopmy. Jlepas uacTb KpHBOH (yuacTOK a) MOKa3bIBaeT, UTC 
eCJIH KOHICHTpaluA KaTaM3aTopa MeHbIMe HEKOTOPOH «MOpOroBon» BeMYHHEI 
TO peakllWsl He WMeeT MecTa. YBeHUeHHe KOHUEHTPallNu KaTaNM3aTopa BBILLI 
«MOpOroBoh» OOYCOBIMBAeT peskoe BOSPacTaHue BEIXOAanomUMepa (y4AacTOK 6) 
Tlocme ocTu2xKeHuA HeEKOTOPOH MpesebHOH BeMMUMHI (yyacTOK 6), 3aBHCAMLel 
OT JJIMTebHOCTH ObITa, KONMYeCTBO COpas0BaBlerocaA NoWMMepa He 3aBHCH’ 
OT KOHIeHTpaluu KaTasiM3aTopa B pacTBOpHtTese. 

YKa3aHHaA SAKOHOMEPHCCTh OGYCJIOBINBAeT MOABJICHHe pe3KOTO MAKCHMYM: 
Ha KpHBOM, BbIpaxalouleH 3aBHCHMOCTb IIPOM3BOUTeMbHOCTH KaTaM3aTop: 
(B rpamMax TlOIMMepa Ha rpaMM KaTaIM3aTOpa) OT KOHICHTpaluM ero B pa 
cTBoputene. Kak BUQHO 43 KpuBo / puc. 3, AIA ONbITOB C OTKAYKOM ABTOKJAB: 
mp 200° np MakcyMaJbHOH OUNCTKe STHeHa HM pacTBOpHTemA Moporosa: 
KOHICHTpalluA KaTau3aTopa B pacTBopuTese paBHa 0,15%. IIpu yBernuenul 
KOHIEHTpalluH KaTaIMsaTopa BbILMe MOPOTOBOH MpOU3BOUTebHOCTh KaTaJH 
3aTOpa pe38KO BO3pacTaeT, JocTHrad Makcumyma oxKoso 600 r Hal r KaTanu 
3aTOpa Tip KOHLeCHTPaluu KaTaM3aTopa B pacTBopuTene, paBHon 0,2%. IIpi 
AabHeHWIeM YBeJIMYCHHH KOHICHTpalHH KaTasM3aTopa MpOU3BOAMTeIbHOCT! 
ero nNocTeneHHO CHuxKaeTcH. IIpu yBeHYeHHH COsepxKaHuA NMpMMecel B pearH 
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pylolleh cucTemMe (popMa KpHBbIX 3aBHCHMOCTH BbIXOfa NowMMepa OT KOHILCHTp a~ 
UMM KaTaiu3aTopa He W3MeHAeTCH, OMHAKO NOPOTOBaA KOHIeHTpalluA Bospa- 
cTaeT. BemefcTBMe 9TOrO MaKCHMasIbHad MpOUSBOLNTeMbHOCTh KaTamusaTopa 
cHMKaeTcA. KpuBple 2 Ha puc. 2 u 3 xapakTepu3yI0T 3ABMCMMOCTb BbIXOfa MOVIH- 
Mepa OT KOHIeHTpalMM KaTaM3aTopa B Cilyyae pacTBOpHTelA, comepxamsero, 
Boy B KomMuecTBe 20 uacTeli Ha MUINMOH. Kak BUAHO 43 pHCyHKoB, yBemHue- 
He KOHICHTpallMM BOLI B pacTBopHTee oT 5 fo 20 uacteli HaMMIIHOH MOBBI- 
maeT MoporoByro KOHWeHTpaumo oT 0,14 no 0,24%. (CoorsetcTBeHHo sToMy 
MaKCUMA@JIbHad MPOW3BOANTebHOCTh KaTamM3aTopa cHuKaeTca oT 610 jo 
360 r/r KaTamusatopa. 


2/2 


Ss 
Ss 


NpouzsbodumeneHocme 
KAMANUZAMOPQA 
Ss 
S 


| 0204 «7 2 3% 
Codepawcanue kamanusamopa 6 pacmbopumene 


Puc. 4. -1 — 0,0008%; 2 —0,001%; 
3 — 0,01%;3 4 —0,1% Oy 


CyilecTBeHHOe BJIMAHVe Ha BbIXO MOIMSTHeHa OKA3bIBaeT Take COsep2Ka- 
HHe KHcmOposa B sTHNeHe. Ha puc. 4 npezcTaBleHa 3aBHCHMOCTb NpOu3sBOLH- 
‘TeJIbHOCTH KaTaIM3aTOpa OT KOHICHTPallHu ero B PpaCTBOPHTede AIA pasmu4HOrO 

coflepxKaHua KuCTOposa B sTHNeHe. J.uTeMbHOCTb OMbITOB 4 yaca. Kak Bu_HO. 
“M3 puc. 4, pH yBeMYeHHM CosepxKaHNA KMCMOpOa B ITMIeHe NOporoBasA KOH- 
‘WeHTpalWA KaTaIW3saTopa 3HaYHTeIbHO BO3pacTaeT, BCJIEMCTBHe 4ero MaKCH- 

MaJIbHaA NpOH3BOAMTeIbHOCTh KaTau3aTopa cHumKaeTcH. B cayuae 9THNIeHA, 

cofepxamtero 0,1% Kucnopoxa, NomuMepHsainna He HMeeT MecTa. Bo3MoxKHBI 

pasM4Hble OObACHeHUA BJIMAHMA TpHMeceli Ha NMOPOTOBy!O KOHILeHTpallHio 

Katasusatopa. IIpome} Bcero’ ipeyqnouoxuTb, 4TO TMpHMecu? OnoKupyirT Mo- 
“BePXHOCTb KaTaH3aTopa, HM JIMUIb B TOM CyIy4uae, KOra KOJMUYECTBO KaTaJl- 
'3aTOpPa HaCTOJIbKO BeJIHKO, YTO BBOJMMbIe C STHJICHOM HM pacTBOpHTeseM NpuMech 
‘He MOFyT MOKPbITb BCIO €fO AKTHBHYIO MOBEPXHOCTb, HOJIMMepH3allMA MOKET 

TIpoTeKaTb C OOOH CKOPOCTEIO. 
> WUpeqpaputenpubie usMepeHHA 3aBMCHMOCTH CKOPOCTM MOJMMepHsallMu OT 
BpeMeHH TOKa3aJIH, 4YTO CKOPOCTb MOJIMMepH3sallunH BHayae BOSpacTaeT, JO- 

cTuraeT MaKCHMyMa H 3aTeM cHuKaeTcA. TlepHok BospacTaHuA CKOpOCTH peak- 

IMM, CBASAHHBIN C yBeJIMYeHHeEM UNCNIa paCTYUIMX MOMMepHbIX lene, 3aBi- 

CHT OT YHCTOTHI STHMeHA HM PaCTBOPUTeJIA. OTO LaeT OCHOBAaHHe IpeMMOJOKUTD, 
‘ATO JelicTBHe NpHMecelt NpOABJIAeTCA JBOAKO: Kak B pe3yJIbTaTe HeoOpaTHMoii 
‘Me(JIeHHO TMpoxosameH GJOKHPOBKH AKTHBHBIX WeHTPOB KaTaM3aTopa, Tak Ii 

BCIeACTBHe OOpaTHMOH CopOUHH TpuMeceli Ha TeX Ke WeHTPax, 3aMeAIOMeH 

TI€pBHUBBIN Mpoecc, yBeHYeHHA uNCa Wenen. 

IIpu BbICOKOM “HCTOTe STHeHa HM pacTBOPHTeIA MW MpM OO/IbIIMX HaBecKax 
‘KaTamu3atopa oGilee KOMYeCTBO OOpas0BaBlUleroca MOMMepa NpHOIUSUTeEIbHO 
| OMMHAKOBO HM COOTBETCTBYeT KOHIeHTpalluM ero B pacTBope oKosIO 50%. Sto 
‘CBA8aHO C pe3KHM CHW2KeHHeM CKOPOCTH pacTBOpeHHA STHIeHa B pesyJbTaTe 
3HAUHTeJIbHOrO BO3paCTaHHA BASKOCTH pacTBOpa MOMMepa. 

MakcumaJIbHbI BbIXO, MOJIMMepa MO3BOIAeT OWCHUTb 4YNCIIO Wemeli, Mopc-. 
JlAeMBIX KaXKbIM ATOMOM AKTHBHOFO KOMMOHEHTA KaTaMsaTopa. CpeqHui Mod. 
‘Bec NOsMMepa cocTaBssAs B HawMx onbiTax 100000, uro mp BpIxoge 600 r orBe- 
aet 6,0 -10-* momam, o6pa3yembIM OHM rpaMMOM KaTasIusaTopa. OOulee BHCIIO | 
rpamM-aTomos xpoma B | r Katanusatopa 5 -10-*. Takum o6pasom, ecm Opt 
“BCe ATOMbI XPOMA BBINOJIHAM pOvIb KaTaIM3aTOpa, Ha KaxKbIH ATOM XPOMa. 


IpHXosNoch Spr 12 wene. 
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B AeHCTBUTeILHOCTH 2Ke JIMIb HeOO/IbUIaT YacTh OKUCH xpoma jlocTynHa 
AIA pearupyloulero STHIeHa HW YHCIO Here, MpoLyNUpyeMbIX KaxX/bIM ATOMOM, 
3HAYMTEIDHO OOJIbINe. ITO La€T OCHOBAHME 3aKIOYMTb, YTO B JaHHOM Mportecce 
OKHCJIbI XPOMA SIBJIAIOTCA He MHHUMATOPOM peakUHH, a JelcCTBHUTebHEIM KaTa- 
‘IM3aTOPOM,| MHOrOKpaTHO B3aMMOJeHCTBYIONIMM C pearHpytouluM BeLeCTBOM. 


®v3HKO-XUMHUeCKHM =HHCTHTYT Toctrynuao 
um. JI. 1 Kaprosa 17 VIII 1960 


UMTHPOBAHHAS JIMTEPATYPA 


1M. A. Hanun, J. A. Beaeueesa, Pee Wlenzeposa, JIAH,. 133, 
Nej1, 182 (1960) * 3. B. Apxunosa, A. C. Cémeuopa, E. J. Tapamom 


: p 
kK OB, AXypu, IInactmacc, Ne 1, 17 (1959). 3 Belg. Patent, 570981, 5 III 1959; Chem. Abstr. 
53, Ne 17, 1659 (1959). ; 


I Jloxzayn Akagemun nayr CCCP 
i 1961. Tom 136, Ni 1 


®H3SHTECKAA XHMHA 
A. E. BOPMCOB, H. B. HOBHKOBA u H. A. YYMAEBCKHA 
MH®PAKPACHBIE CNEKTPbI NOPJIOWJEHH A 
METAJIJIOOPrAHHYECKHX COEXMHEHHHM 3STMJIEHOBOLO PAA 


O LWMC-, TPAHC-KOH®HrYPALMAX MPONEHMJICYPbMAHbIX COEAMHEHHA 
(SbUI HW Sbv) 


(II pedcmaeneno akademuxom H. B. Odpeumoeoim 18 VII 1560) 


 Hactosuee coo6meHve MocBalleHo MccleqoBaHMio WH(PppakpacHIx CieKTpoB 
MOOUeHUA IMCc- M TpaHc-H30MepoB IIpOMeHHJIbHbIX COeAMHEHMA TpexX- HM NATH- 
BasleHTHOM CypbMbI. CHHTeS STUX BemlecTB onucaH (1). HackombKo HaM M3BeCTHO 
3 JIMTepary pbl, ciellMaJb- : 

HbIX paGoT Mo uccesoBa- ho Y, 
HMIO WHCc- HW TpaHc-H30Me- 80 86 


ris} 
5 - Aaa 
pH B MeTasJoopraHHue- age 
CKUX COeCMHEHHAX C T0- 40 4 <2-= 


MOWIbIO MHpakpacHbIx 
CMeKTPOB HOrouwjeHHA He 
aAMeeTCA, 

B HacTosulel padote 
dOcyxKAaloTCA pesy JbTAaTbl 
a3yYeHHA M.-K. CIe€KTpoB 
TOrIOULeHHA BbILMey IOMsA- 
HYTHIX CoemMHeEHHH. B pa- 
fe coo6menun (?,°) yKa- 
BBIBACTCA Ha BOSMOXKHOCTb 
aenTupuKkanun ILHC-, 
rpauc- H30MEPOB B opraHu- 
€CKUX COeAMHeHHAX 10 
4.-K. MOJOCaM ‘Morioule- 
ise B 690 cm™} (a1 1LHC-) 

.960—970 cm! IA 
Bere: KOH@urypallui, 9TO 
JaHHble B OCHOBHOM JIA 
IM3aMenleHHBIX yrJIeBoO- 
QOJOB STMIeHOBOrO pasa, 
fara R; CH=CH —R, 
IMc-  Tpauc-). 

_ Pasavuue konpurypa- 
tui M10 JAaHHbIM STHX pa- 
|DoT ocHoBpIBaeTca B OovIb- 
(uuncTBe clyyaeB Ha Ha- 
|{wuuu nosocet 970 cm} B 
(paHc- M OTCyTCTBHM ee B 
(uc-kondury pattuax.Cpa- 
3Y 2Ke 3aMeTHM, YTO pac- 
T€ThI padorsl () mloKa- 
IBAIOT Ha MaJlOe Pa3sJI- 


fe 400 800 1200 1606 cm 
Me uacTOT Mosoc MOro- y 

MeHua HeMOCKUX Koe6a- 

imi =6©CH-rpynn =s pu Bucs 
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mBoHHOH cBa3H (MHTepBan 965—980 cm™1 yaeTcH uM fa UWMC- HM AM 


lita +H R +H 
Tpanc-Kondurypaui, THN KoeOaHnit bos aa a ) 


aBTOPbl STON paOOTbl UCHOJIb3OBaJIM SKCNePHMeHTAaJbHbIe MaHHble (*), H3 KO 
TOPbIX TaKKe BUHO, YTO MIA WMC- WM TpaHCc-KOHdurypalMu wacTOTH! Moo 
MOPJIOWeHHA, CBASAHHbIe C HeMJOCKHMH KoleGaHHamu CH-cBa3eii B AM3ame 


ILCHHBIX OyTeHax, lpak 


(9) 0 
Zo 7 ss  THUCCKH MaJIO pa3J/IM4VMBI 
wy Gide soon V3 cKasanHoro cue 
ns 
o-= jlyeT, uTO B psfe cay 
40 40 2;* waeB, ONMpaich TOMbK 
cee 
L eo Seeerid BbILMeYMHOMAHYTBI 
0 IIpW3Haku, HEJIb35 
~  aTb BomHe OfHO3HAaY¥ 
o0 60 3 
&_, Horo oTBeTa o TuNe reo 
<o-= MeTpHuecKoli Kondurypa 
4 40> WH M K MHTepmpeTauul 
_S_ TMOJyYaeMbIx pe3yJbTATO! 
0 OTHOCHTEJIbHOMMC-, Tp aHe 
ip Be KOHUry pallu HYXKHO OT 
®,  HOCHTbCS KpaliHe OCcTO: 
co-= = POMKHO. 
40 4 i] 
Q3= CbemKa H.-K. ClleKTpO 
. ~S_ MorsomleHia mponsBoqH 
& 0 Jlacb HaMH Ha J[Byxw1yue 
RW 0 & Bom MK-cnekTpometpe Hi 
8 #.  6a3ecneKTpometpa BUKG 


AN 
S 
ay 
S 


a=  (700— 1800" ct *) Hy a 
~S- ojHoulyseBoM — CeKTpO 
Y metpe MKC-12 c mpus 
80 80, Mol KBr (400—700 cm*) 
”., Kukue BellecTBa cH! 
4 4g) MasHcb B KioBeTax 10 
a= CTOAHHOM TOJIULHHE 
= | 
~S-— (0,016 mm c okomkKamu u 
0 KBr 40,050 mm c oxout 
& 60 8. kamu u3 NaCl). TBepzpi| 
=o”  CcoeMHeHun TIpeCCOBa: 
" | 
os jich C KBr: | 

40 40 = 
So OrtHecenne Kondurypa 
; IM OOCYKaeMbIXx CTepeo 
400 200 7200 eh eart HSOMepoB CilelaHoO myTel 
v CONOCTAaBJICHHA H.-K. cme 
TpOB MorgomeHnua (°) | 

Puc. 2 


M-3 c¢ 


Ha OCHOBaHHH pauHee ycTa 
HOBJICHHOH HAMH BMECTE | 


A. H. Hecmesnospim na o6mIMpHom maTepvane 3aKoHOMepHocTH oO HeoOpani¢d 
HUM KOHMrypallHH WHC-TpaHc-9THCHOBLIX H3OMePpOB B peaKI[HAX 9eKTPC 
(p¥JIbHOrO HM romMomMTMYecKoro OOmeHa (!,7,8). Bo Bcex wccneqoBaHHbIx HaM| 
TIPOMCHHJIBHBIX COeMMHEHMAX CypbMbI (Sb! yw SbY) BugzHa ROBObHO OLyTHMa) 
pasHulla MexkAy IWuCc- M TpaHc-KOHurypallMAMM B MX H.-K. cMeKTpax norad 
meHusa (puc. 1 u 2, Ta6n. 1). 

J\ia Bcex coeqMHeHH C TpaHc-KOHurypaluamu (Tpanc-pacnonomeHny 
BOJOPOMOB OTHOCHTebHO JBOHHOH CBA3H) XapaKTepHO HaM4ve MHTeCHCHBHBI| 
NOOC MOPIOWeHHA B OOMacTH 945—970 cm7}. Ecuim Jus Tpu- M NenTanponeHH 


CYPbMbI YWacTOTa HellocKux KOleOaHul CH-rpynn sexuT B 971 cm, To Al 
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ia 


J 
_TaJOMANPOMSBOAHEIX, a WMeHHO: JA MUXOp-, AMOpoM-, AMio_rpunponenua- 
CYPbMbI YacTOTa 3aKOHOMepHo cHMxKaeTcHh fo 945 cm, gua Opomucroro 


i 
TeTpallpOneHHJICTHOOHMA YacTOTa B MpcmexkyTKe 967 cm7! (cm. Ta6u. 1). 
TaoOauna f 


asian 
Uactotsl NponmeHuJIbHbIX coequHenult Sb u Sb 


(CH,CH=CH),-| (CH,CH=CH),- | (CH,CH=CH),- Ci CROn Gri a. 
. “Sb ESbCly : SbBr, Cee CH);. | (CH:CH= CH), +! (CH,CH=CH), Sb 
|, TpaHc-, Tpauc-, Taw Css eu Ce, IkHC-, 
iF eae T. eer a, Ms sc ioli warren eee ade T. Mu. cee IlHC-, Tpauc, 
e.° “| 82° ees o= ec oy | 122— “| 440— oak | Poe RET T. KHN, 
10°/4—5| “vine? |74—T5° | 469/404 85—86 167°/6 | "foyp uae 
A 1600 1600 1606 1607 1604 1605 1600 1598 1600 1600 1600 1600 
© 1438 1442, 1446 1440 1443 1440 1425 1437 1445 1432 1440. 1437 
> 41378 1377 1385 1376 1382 1377 1378 1375 1380 1367 1380 1375 
) 1320 1320 1308 1306 1305 1306 4297 1302 1305 1304 1324 1308 
d me 4493 1199 1201 41191 1199 1180 1196 1185 1195 41225 - | 1200 4190 
i i 4415 1115 — 1109 _ 14105 1100 1105 1109 1185 1415 1110 
7 1060 1047 1075 1045 1075 1065 1048 1062 1062 
BhSCé«A08399 1040 1042 1041 1040 1039 1043 1035 1040 
wm . 970 971 940 957 939 951 5 937 945 960 967 970 971 
4 ' 920 935 928 925 Y 925 924 945 920 938 
m 710 | 720 | 665. |) 724 + — 0 =) 18 | 700 | 726 ie 722 
? 660 655 625 667 663 655 660, 660 660 663 660 662 
610 455 620 818 620 610 | 615 635 625 600 
i | a 452 [edu 452 


* Jipyrum cymlecTBeHHEIM IpH3HaKOM JIA TpaHc-KOHurypalMi UcceqoBay- 
“HbIX HaMH coesMHeH Hi ABMIACTCA HaIW4Ne B UX H.-K. CMe€KTpax Mosoc norsornse- 


Noenoujenue 
Ss 


¥ 400 600 1200 1600 cot 


Pe 


0 
5, Pue. 3 


MM 3THX Nomoc HeT. JIA WMc-KONcurypalMn MCCeqOBaHHbIX CoeAMHEHMit 
E W.-K. CHeKTpax MMeIOTCH Mouocb! MormonjeHus OKOO 920—940 cm7! sHauu- 
ee: MeHbIlleli MHTCHCHBHOCTH, 4EM MOJIOChI MOPOWleHHA [JIA TpaHc-KOHH- 
rypauun B 945—970 cm}. TombKo ILMC-TpHNponenWIcypbMa HM IWLMC-MeHTampo- 
MeHMJICypbMa MMEIOT YaCTOTHI HemOcKUX CH-KoueOaHul OM3KHe K 3HayeHHIO 
| lia Tpauc- (970 cm~), HO HHTeHCHBHOCTb STO MOMOCHI B IMc- (OleHKa MonLayeti 
‘Tlouioc) WpHMepHo B TPH pa3a MeHBbUUIe, YeEM B TpaHc-KoHdurypaiuu. Takaa xe 
KapTHHa HaOwiosaeTca U WA 6pomuctoro mpomenusia (iMc- M TpaHc-) (cM. Tabu. 2, 
puc. 3), 3fecb Aa Wuc-KOHurypalun MHTeHCMBHOCTh MoocHI B 930 cm™+ TaKxKe 
MeHbINe, YEM B TpaHC-, IipHMepHo B TpH pa3a. 

Kak Id IWC-, TaK UM AIA TpaHc-coeAMHeHHH B M.-K. CM€KTpax MMeIOTCHA MOJIO- 
Chl Tormomenua B 655—660 cm™!, WIA WHC- HHTeCHCMBHOCTb 9THX MOOoc B 2— 
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2,5 pasa Oovbule, YeM JIM TpaHc- (OWeHKa Ha MpMMepe TpHMpPOMeHWICyPbMbI 
6pomucToro IHCc- HW Tpanc-mpomenusia). M3 HM3KO¥aCTOTHBIX Momoc cielyeT 
OTMeTHTb JOBOJIbHO HHTeCHCMBHBIe Mo/Ocbl B 452 cm™1, KOTOpble MOABMAIOTCA 
B M.-K. CIHeKTpax I{c-coekMHeHuit ABYXJIOpMcToro, AByOpomuctToro, AByHOAN- 
cToro TpHMponeHu- H OpomucToro TeTPallpOneHHJICTHOOHMA, [JIA AHAJOTHYHBIX 
TpaHc-coeAHMHEHHH MOJIOC NOrJOUleHHsA B 


; TaOauna 2 452 cm7! HeT. OTHx Momoc HeT TakxKe 
UacroTs! 6pomuctoro mponeHuJa HH B IMC-, HA B TpaHc-TpH- H MeHTAalpo- 
NeHWJICypbMe. 
i “ Uto KacaeTca mosoc MormoueHus, 
- - -, aHc-, 
slices pean | goku. | to xun. OOYCJIOBJICHHBIX NIOCKUMH * KoNeOaHHA- 
57,5—58° 63,5° || 57,5—58° |  63,5° 


muCH-rpynn npusBoinon caa3u (1200— 
1300 cm™'), To OHH MpakTHyecKH M0 


1625 1650 Pome yacToTe Hepa3JIM4MMbI, HO MexKLy napa 
1587 1583 f 1080 | ¢ 1056 mu mosoc 1) 1200 cmt u 2) 1300. cm 
a tee ee aa ce BILMC- H TpaHc-coeMHeHHAX HaGsIOMaerT- 
ee 1299 Fee i CA pa3JIM4HOe COOTHOIMIEHMe B MHTCHCHB- 
3 ; HOCTAX (HHTCHCHBHOCTb B MAaKCHMyMe 
moJ10c). | 


Ecsim [id TpaHC-H30MepOB WHTeHCMBHOCTH Homoc normomenuA B 1300 cm”? 
MeHbie, 4eM B 1200 cm™1, To AIA WHC-coemMHeEHHH, HaoGopoT, MoMOCbI NOrso- 
menus B 1200 cm~1 MeHee MHTeHCHBHEI, uem 1300 cm! B yuc-. B o6sacTH Aedop- 
MA@LLHOHHBIX KOJIeOaHwi yruepo — BowopoxHuErx cBa3ei (1380—1450 cm™? 
CYyleCTBeHHHIX pasJIMYMH He HaOOAaeTca. UacToTa TBOMHbIX CBA3eH MpakTHuecKk 


OAMHAKOBa VIA WHC- HW TpaHC-H30MePoOB, IOJIOCbl MOrOWWeEHHA UMerOT TIpHMepH 
OWMHAKOBYIO HHTCHCHBHOCTD. 


ABTOpbl BbIpaxaroT OjlaroqapHocTs akag. MU. B. O6peumosy 3a uHTepec K pay 


Oote, a Taxxe P. A. Ucaesoit u E. JI. Baacosy 3a MOMOMLb pH CbeMKe M.-K 
CN€KTPOB MOrOUeHHA. 


MucrTuty?T 9JIeMeHTOOpraHHyecKkHx COoesMHeHHt Ilocrynus0 
Axajemuu Hayk CCCP 16 VI 1960 
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* KoneOaHun 6e3 BbIXOa H3 mocKocTH C = C-cBa3H. 
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WTokuane Akagemun nayr CCCP 
1961. Tom 136, Ns 4 


PHSHTECKAAM XHMH ff 
9. E. BAMHUITEHH, B. WH. KOTJIAP u P. M. OBPYLKAS 


HCCJIEMOBAHWE TOHKOM CTPYKTYPbI PEHTTEHOBCKUX 
K-KPAEB NMOPJIOWMEHHS MAPFAHIA B MnTe B OBJIACTH 
TEMMEPATYP AHTH®EPPOMATHUTHOIO MPEBPALIEHHA 


(II pedcmaeaeno akademukxom A. IT. Buxoepadoesim 4 VII 1960) 


| Henasuo (') 6tino BpicKa3aHo MpesnosjoxwKeHue, UTO HEKOTOPHIe OCOOeHHOCTH 
: TOHKOM CTPpYKTYPbI PeHTTeHOBCKHX CIEKTPOB MOrOULeHUA ATOMOB MepeXOMHbIX 
‘eMeHTOB B cbeppuTax MOryT ObITb CBASAHbI C BJIMAHMEM Ha 9TH CIeKTpbr aHTH- 
@eppoMarHuTHO YyNopsoveHHOCTH B paCcHOMOKEHMM S/ICKTPOHHEIX  CIMHOB 
B McCJIeMyeMbIX MaTepUaslax. OTO 3aKMOYeHHe, CeaHHOe Ha OCHOBaHHM aHasusa 
CTPYKTYpbI NOsyYeHHEIX B (1) CNEKTPOB NOrOUIeHUA WKeNesa B pasIM4HBIX ep- 
putTax, He BCerfla MOcTaTOUHO XOpOWO OXAapaKTepH30BaHHbIX C TOUKM 3peHus 
HX CTPYKTYpbl M MarHUTHBIX XApaKTepHCTHK, HOCHJIO, OMHAKO, IpelBapUTesbHbIli 
| XapakTep M TpeOoBasO asbHelMel NpOBepKH HM yTOUHEHUA B Cepuu Oosee Le- 
JICYCTPeEMJICHHO NMOCTABJICHHbIX SKCIePHMeHTOB. OueHb CyIMeCTBeHHbIM, C STO 
(| TOUKM 3peHWA, Kasaslocb UccieqoBaHve TemMepaTypHOM 3aBHCMMOCTH , TOHKOL 
\CTPYKTYpbl PCHTTeHOBCKHX CIICKTPOB Ma€rHHTOAKTHBHbIX ATOMOB B aHTHdeppomar- 
‘HeTuKe B OOaCTH TemlepaTyp ero MarHuTHOrO MpeBpawjeHua. Cpequ oTHocH- 
‘TeNbHO HEOOJbINOrO UHCIa AHTHCPePpPpOMAFHUTHBIX COeMHEHHH, MpPMrOMHbIx AA 
TIpoBeseHuA MofOOHOro UCcCIeMOBaHHA, MbI OCTAHOBHIM CBOH BbIOop Ha MnTe. 
|\STo coeqMHeHHe JOCTaTOUHO xOpollo H3yyeHO peHTreHorpaduyecku (?,°) u-o6sa- 
flaeT yRoOuou 2A mpoBeseHun onbitoB ToukoH Heeasn (Ty = 310° K). 

Tlofpeprummiica ucceloBanntio oOpasell Teypula mapranita Obl s106e3HO 
MipeocTaBien B Halle pacmop s2KeHHe H. I]. [paxanKkuHon, 3a 4TO aBTOpbI MpH- 
'HOCAT eli CBOIO OlarofapHocTh. OH Obl NoyueH CMaB/eHHeM MeJKOAUCHepCHBIX 
‘W THaTebHO NepeMellaHHEIX MOPOmLIKOB PEO M TeJJypa B 3BAKYHPOBaHHOHK 
‘M OTMAAHHOH KBaplleBol ammysie mpu 800° C *. Jlia yqanenua ra30B MapraHell 
TlepenaBJIAJICA B BbICOKOM BaKkyyMe. 
Tlocne H3roTOBIeHHA TeypH MapraHila mosBeprasicA HU3KOTemMepatyp- 
‘Homy oOxury. PentresoctpykTypHbli aHav3 civiaBa NoKasal HanMuHe dasbl 
MnTe u mpucytcrsve ammb cneqos MnTe,. Tpaxkgankuuol (*) Opi u3yyeHx 
PAX cbusuuecKUX XapakTepHCTHK 9TOTO CHWaBa B MHTepBale TemMepatyp oT 250 
glo 370° K, B mpefemax KoToporo pacnonaraetca TouKa Hees. 

Tipu 3Tom Opiz0 moKasauxo, uTo npu Ty = 310° KB MnTe na6mogaetca u3s10M 
Kp HBBIX TeMIlepaTyPHOH 3aBHCHMOCTH 3VJIEKTPOCOMPOTHBeHUA Hi MarHUTHOK 
IBOCIIPHUMUMBOCTH CiyiaBa, a TAaK%Ke H3MeHeHHe XOfa KPUBOH, mpevcTaBssmomuler 
TemnepaTypHY!0 3aBMCHMOCTb BeMUHHLI NapamMetTpa KpUCTamIMyeCcKON pellleTKH 
(coequHeHHA c. Kakux-mH60 OTKJIOHEHHH OT JIMHEHHOTO XOJja H3MeHECHHA C TeEM- 
Mepatypoii BToporo napameTpa a WIM U3MeHeEHHA THNa KpWcTaMuecKON pe- 
MeTku coeqMHeHUA pM Mepexoye yepes TOuKy Heena ne Ha6mogaetca. [pu 
Mepexojle OT KOMHAaTHO! TemnepaTypbl (AHTHeppoMarHHTHOe CocTOAHHe cmiaBa) 
K TeMlepaTypaM, MpeBbliuaromum Ty, HaGMOMaeTCA TOMbKO aHOMAJIbHOe paciu- 
peHue KpucTanna BOM OCH C, KOTOpCe MPHBOAUT K YBeNMYeHMIO OTHOMICHMA 
cei c/a U COOTBETCTBYIOMNIeEMy H3MeHEHHIO CObeMa J/IEMeCHTAPHOM AYeHKH COeMH- 
eHuA. 


* VUcxogublii Mapraner cofepxat 0,07% S uCOu0,03% P; Tennyp —Cu 104%; Ag 
2»10°4% ; Bi<1074% u no 10°4% Sb u As. 
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PentrenoscKue K-CieKTpbl MOrOWeHHA Mapranila B TeJWIypuse NOMy Lach | 
C MOMOL{bIO peHTreHOBCKOrO CHeKTporpada C POKYCHPOBKOH 0 MeTOAY Voranna. 
Orpaxkaolmuli KpucTasJI — KBapll, HJIOCKOCTb (1340) c nocrosuuol d = 1,17 A. 
Pauyc KpuBYusHbI KpucTanma 500 MM. CneKTpbl pervcTpHpoBaMCh B TIEPBOM | 
NOpALKe OTpaxkeHua CoTorpapwyecKHM MeTOJOM. B kauecTBe JMHHM CpaBHe- 
HUA UcnHOmb30BaIuCcb Kay o-MHUM wKeresa. JLucnepcua mpHOopa B 3TOH o6nacTH 
2,6 X/uo. [IpucyterBue B ciiaBe OOMbUIMX KOJMYECTB OTHOCHTEIbHO TAREMOPO 
KOMMOHeHTAa (Teypa) MOTPeSORA/IO OUeHb THLaTebHOrO BbIOOpa ONTHMAIbHOH 


Zt 


Rita 


foe oe Me cre hh ot 5 
0 10 20 30 36 


Puc. 1. K-cnektpst morvo- 
WeHHA MapraHia B KMnOa 
(1) 4 MeTanse (2), nomyueH- 
HbIe C MOMOMIbIO (pOKyCHpy- 
romlero CmeKTporpata B Ha- 
cTosijeH paOoTe H Ha JBOH- 
HOM KpHCTaJlJI-ClleKTpomet- 


ee ee eS ee 
9 10 20 30 4038 


Puce. 2. ConocTaBseHHe TOH- 
KOM CTpyKTypbl CMeKTpOB 
MOTOWeHHA MapraHia B 
KMnOsa (1), MnTe mpu 50°C 
(2) u 8°C (8) (coorBetcTBeH- 
HO, BbIMe H HWKe TOUKH 
Heema) u meravste (4) 


0 10 20 30 40 50 6058 


Puc. 3. TouKas crpyKtypa 

CNeKTpOB MOriouleHHA Map- 

rania B MnTe npu pasin4y 

HbIX Temnepatypax: I 

50°C; 2—44°C;38—38°C; 4— 

21°C u-5—8C (Tn 
=o 109K) 


pe C HOHH3allHOHHOM peru- 
cTpaluuelt B pa6oTe (*) (myH- 
KTHPHble KpHBbIe) 


TOJMMHEI MOPOTHTeIA, KOTOpad oOOecteuMBaa Obl HaWyuMiMe yCOBHA WA 
BbIABJICHHA eTaleH CTpyKTypbl ciekTpoB. Bplio ycTaHoBJIeHO, UTO ONTHMAaJIb- 
Hble YCIOBMA [JIA MOyYYeHHA YeETKO BbIPAKeHHOM TOHKOM CTPyKTypbl Kpaa m0-| 
PIOMLEHUA JOCTHTaloTcaA Tip paOoTe c NOrMOTHTeAMH, YeIbHoe cofepmanuHe Mn 
B KOTOPbIX CocTaBuIseT 4 Mr/cmM?. YMeHbIMeHHe WI yBeJIM4eHHe TOMUIMHbI Moro 
THTeJIA IIpHBOAMT K YMCHbIMeHHIO KOHTpacTHOCTH Kpaa. 

OnTuMaJIbHbI pexum paOoTsl TpyOKu 30 KB Mu 40 ma. OxcnosuuMA 6 Yac 
J[1H MosyYeHHA CHeEKTPOB MOPIOWeHHA MPM pasIM4HbIX TeMnepaTypax oOpa3ila 
MOPOTHTeIb HAHOCHJICA Ha aJIIOMMHHeBy!0 (OJIbry, KOTOPad MIOTHO NpMxKUMa 
Jiacb K KPyrJloH MeQHOH OOoMe, Yepes KOTOPYIO MOM AaBIeHHeM MponycKaack 
*KHAKOCTh M3 yJIbTpaTepMoctTaTa. XOpOUIMH KOHTAKT aJIIOMHHHeBOM CouIbrMu ¥ 
OTNOJMPOBaHHOH MOBepXHOCTH OOOHMbI OOecMedHBas MOCTOAHCTBO TeMIlepaTy pb! 
BO BC€X 4aCTAX NOFIOTHTeIA B TeYeHHe BCero BpeMeHH IKcHO3HUMH. M3mepenu 
TeMMepaTypbl MpOW3BOLMIOCb C TouHOCTHIO 0,2—0,3° C noTeHuvomeTpuuecku 
MeTOJOM C TOMOUbIO Mefb-KOHCTaHTaHOBOH TepMOTapbl, MIOTHO TIpHxKaTOH 
K oOpasity. | 

Cnextppi normomenua Mn p MnTe uccaeqopanuch Mp MATH pa3sM4HbIX TeM- 
nepatypax B uHTepBase oT 280 Jo 325° K (Ty = 310° K). pu kaxgo u3 Teme 
paTyp noulyyasocb 1o 3—4 cneKTporpaMMBI, KOTOpPble Mocwle (pOTOMeTP HpOBaHHs 
B H€CKOJIbKUX Ce€4YeHHAX ycpesuANMch. JA MpoBepKH paspeulaiouleH cmocod} 
HOCTH HCMOJIb30BaHHOrO HAMM CIeKTpasIbHOro MmpHOopa c ero MOMOLLbIO Obl 
NOJIYYeHbI CMEKTPbI NOPIOULeHHA B MeTase H KMnOy, 4 conocTaBieHbl C COOT) 
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BeTCTBYIOMIMMH KPHBHIMH, NOYYeHHBIMM Ha JBOMHOM KpHCTaJJI-cneKTpomMeTpe 
€ HOHU3ANMOHHOK perucTpamneH Xanconom u Bumauom (4). Pesyptatet Takoro 
|cpaBHeHua Aa OOoux BellecTB mpexcTaBenbt Ha puc. 1. Ha puc. 2 u 3 cono- 
‘|CTaBjeHbl Apyr Cc ApyroM Nowy4eHHble HAMM SKCHepHMeHTAJIbHbIe pesysbTATHI. 
‘Vx paccmotpenve nosBomseT ClemaTb culekyrouiue 3aKOUeHHA. 
3 1. Ilpu mepexoye of Metaina kK TelypHly Mapranma uMeeT mecTo 3HauH- 
'|*TembHOe yMeHbieHve 2Hepruu 4p-cocrosHUA MepexogHoro metasua. Benuuuna 
| HaOmofaoulerocA Mp 2TOM \IMHHOBONHOBOrO CMeIIeHUA COOTBETCTBYION[erO 
'|MaKcMMyMa Ha KpMBO MormomeHua Mapranna B MnTe gocruraer 5,4 9B. 
2. B oOaacTu mapacoctosnua cniapa MnTe B xkpae mormoujeHusa Mapran- 
jMla 4eETKO NPOABIAeTCA JJIMHHOBOJIHOBAA «Gelad» JIMHUA MOPOUleHHA, Moso0x%Ke- 
He KOTOPOH O4eHb OM3KO K NOJOKeHMIO «OOAaCTH HavaIbHOrO MOPIOWeHUA» 
B CieKTpe MeTajlia M pakTHuecKM CoBMaaeT C NOMOKeHHeEM MAaKCHMYMa 
“MHTeCHCHBHOU «<OeJOl» MH MOrioluleHuA, HaOsOfalomlelicA B cmeKTpe 3TOro 
‘semMeHTa B KMnO,. B mocaequem curyyae CBA3b MexKAY MOABJIEHHeM B CIeKTpe 
‘STO JIMHMM MU MepexosaMu (oTOSJIeKTPOHOB B OO/lacTbh rHOpHAUsHpoBaHHbIx 
3d-cocTOAHMH NepexosHoro MeTaJJIa B COCAMHEHHM B HacTOsillee BpeMA MOXeT 
UMTATECA JOCTaTOUHO xOpoulo AoKa3aHHoL (°,°). 
_ 3. Ilo mepe npwO1mKenua k Touke Hees B oOmacTH NapacocTosHNaA cia- 
‘Ba MnTe B cnektpe norsomeHHaA MapraHita HaGwOlaeTca cucTemaTHyecKoe U 
TilaBHOe YMeHbIUeHHe HMHTeCHCMBHOCTH OeJIOH JIMHHM MOrsoOuleHHA, YKasbIBalo- 
amlee, 0-BHIMMoMy, Ha TocTemeHHOe H3MeHeHHe BePOATHOCTH COOTBETCTBYIO- 
TMX SJIEKTPOHHBIX NepexogsosB. MoxHo yMaTb, YTO 3TO HaXOMMTCA BCBA3H C 
_ OOHapy2KeHHEIM AIACMMIAaBa B STON OOacTH Temmepatyp (?,3) MaBHbIM (s1HHeH- 
HIM) H3MeHeCHHeM TapaMeTpOB KpHcTasMuecKOl pellleTKH Temypua mMap- 
TaHla WM COOTBETCTBYIOUIHM YMeHbINeCHHeM OTHOWeHHA c/a reKCaroHaJIbHOH pe- 
IWueTKH CoeMHeHHSA. 

4. IIpu mepexoge uepe3 Touky HeenaA HadsroqaeTcA MCueSsHOBeHHe HIM 3Ha- 
.| MHTebHOe YMeHBINeHHe MHTeCHCHBHOCTH WIMHHOBOMHOBOM CeO JIMHMM B 
-] €MeKTpe NOrsouleHua MepexofHoro Metasuia. IlosoweHve we HW OTHOCKTebHAaA 
-| MHTCHCHBHOCTb TepBOrO MaKCHMYyMa MOPJIOUWeHHA, CBA3aHHOrO Cc MepexoslaMH 
"| hoTOSIeKTPOHOB Morouaiosero aTOMa B OOACTh 4p-cOocTOAHMM MeTasa, BCO- 
“€]\MHEHHM, Tak 2Ke Kak HM pu mepexoge yepes cbeppomarHuTHyi0 Touky Kropu 
4’,°), MpakTuyecku ocTaioTca HeH3MeHHbIMH. 
_ Takum o6pa30m, pe3ysbTaTbl HaCTOAMIero UCcefOBaHHA XOpollo Ccorva- 
yloTca c HallumMu Goee paHHuMH HaOmoseHHAMM (!) M BEIBOJaMU O BMAHHH 
;| AHTHeppoMarHuTHOH yMOpAOUeHHOCTH B COeAMHEHUAX Ha TOHKYIO CTpyKTypy 
.| PCHTTeHOBCKUX CMeKTpOB MOFsOWeHHA BXOAMIMX B MX COCTaB MepexOHbIx 
‘MeTajsios. UTo xe KacaeTCH BaxKHOrO AVIA TeEOpHU BOMpoca oO cTeleHH yuacTHA 
aTOMOB TejIypa BO B3auMoOselicTBMM MexKLy aTOMaMH MapraHila B aHTHdeppo- 
MarHutTHom MnTe u BO3MOxKHOCTH MepeHeceHHA Ha STOT CLyYal NpescTaBeHHH 
© POM ATOMOB KUcCOposa B AHTHPeppOMArHUTHBIX KPHCTasIaxX OKHCJIOB Mepe- 
-XOJHBIX METAJIJIOB, TO OH He MOXET ObITh MOKA PellleH JIMIb Ha OCHOBAaHHH aHa- 
J1M3a MOYYeCHHBIX SKCMeEPMMeHTAJIbHbIX JaHHbIX H TpeOyeT JOMOMHUTEIbHBIX 
HcceqopaHuii. 


by VuctutyT Heopranwueckoli XHMMH Ilocrynusioe 
_ CuOupexoro orgenenus Axagemun nayK CCCP 29 VI 1960 
Hy Ojecckuii memaroruyecKHii HHCTHTYT 


um. K. JJ. YuuuHckoro 
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Jlonnann Akagemun nayx CCCP 
1961. Tom 136, Ne 4 


@PH3HYECKAA XHMHF 


B. H. BHJIFOHOB 


K MATEMATHUECKOHM TEOPHH CTAILHOHAPHOM CKOPOCTH 
FOPEHHA KOHAEHCHPOBAHHOPO BELUECTBA 


(IIpedcmaeaeno axademuxom B. H. Koxdpampesom 2 VII 1960) 


MatemaTwueckan Teopua ropeHua Mopoxa Gbima npeqoxena MH. b. Senpzo-| 
Buuem (1). Ota TeOopuAaA NpHroska AA OOMACTH BeECbMa BbICOKUX aBJIeHuM, Korza 
MOXKHO IIpeHeOpeyb TEMJOBLIJECHHeEM B KOBeHCMpoBaHHon (ase (x-cba3e) m0} 
CpaBHeHUIO C TeMJIOM, MOCTyMaiouluM H3 raso0BoH qasbi (2-c:pasbl), H Kora TIpo-) 
Wecc YTOpeHHA  KOHTPOJUpyeTcA peakUMAMM e-casbl. B HacTOAMeH 3aMeTKe} 
jaetca o6o00mleHve TeOpHH Ha Cy4al TOPeHHA KOHJCHCHPOBaHHO"O BeLlecTBA| 
TIpH HH3KUX MaBJeHHAX. | 

I]puHumaetca TpexcTaquHad MOeJIb mponecca ropeHua (7,°) (a-, B-, y-cTa- 
mun). PaccmatpvBaetca CHCTeMa KOOPpAHHAT, B KOTOPOH TWaMA HETOBMxKHO.| 
CrauvoHapHbli mporecc Audpdpy3HOHHO-TenJIOBOrO pacipocTpaHeHHA TWwiaMeHH 
i-H CTauM OMMCbIBAaeTCA CHCTeMOH ypaBHeHHi 


ae =: c;mT’ + Of (n, T) = 0, (1) 
p,D;n" — mn’ — f; (n, T) = 0, (2)| 


rie T (y) — Temmepatypa; n (y) — orHollenve Ge3pa3MepHBIX KOHIeHTpalul 
pearupytomlero petlectBa; 4;, D; — KosPuHeHTbI TeNMOMpOBOAHOCTH H AMO! 
cby3Hu; c; — TelsoemKocTb; Q; — TemoBo addext peaxunu; f; (n, T) — 
CyMMapHad CKOPOCTh XHMHYeCKOM peakKIHH; mm — MaCCOBaH CKOPOCTb ropeHHs| 
Tlopoxa; p,; — MMOTHOCTD. | 

a-CTaqusa («-casa). [punumaetca, uro Dz = 0 u cKopocTh cyMMapHOor 
peaKUMH He 3aBHCHT oT JaBeHuA. YpaBHenua (1) — (2) qonyckatoT MepBblit 
MHTerpas 


hale <= Gate (Ty Ts) in Op aie eo Cee), (3) 


re Ts — Temiepatypa MoBepXHOCTH K-(pa3bl, MapaMerpHuecKH 3aBHcsAIaA OT| 
AaBleHHA Pp U HadaJIbHOM TemMlepatypb! To; Qe = Ca (Ts: — To), rae Ts, — TeM-| 
Nepatypa NOBepXHOCTH Mp OecMwaMeHHOM ropeHHH (7), Kora MpHTOK Tera! 
H3 e-(asbl MpeHeOpexkUMO Mall. 

Maccopaa CKopocTb ropeHusA HaXOMUTCA NyTeM MHTerpHpoBaHHA ypaBHeHHA 
TeliompospoguocTu (1), i =, pH rpaHMuHblx ycJloBUAX 


} 

y=—o, T=To (T(— 0) =0); | 

y = 0,5. T = TeyhaTgi=t ame (Tp To). Si 

B uacrnocru, Hcnoub3ya NpHOmmKeHHbIM Mero A. B. 3enpqosuua u J. A. | 


@pauk- KamerenKoro (4), HaXOJMM 3aBHCHMOCTbh MaccoBOlt CKOpocTH ropeHus| 
OT (U3HKO-XHMUYeECKUX XapakTepHCTHK K-(pasbl: | 


ris 20 yg esa ei ara (5) 
ee A Ge ea , ‘(y 
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a 


Me 6 — moTHOCTh Mopoxa, k, — npelaKcnonent, %. —{remmeparypomposos- 
HOCTb K-(pa3bl. * 

Ypasnenve (5) copnanaet c cbopmysoit A. T. Mepxanopa u ®. H. Jy6o- 
Buuxoro (°). [upuva 3onbl mporpesa K-pasbl MpHOMKeHHO OMpenedAeTCs BbI- 
paxkeHHem 


Ne 0,057" 
ae ae Ler (6) 


Ypapuenve (5) elle He NO3BOMHeT OMpeseMTh 3aBHCHMOCTb JIMHeliHOit 
CKOPOCTH TOpeHHA OT LaBIeHHA, MOCKOJbKY B HeFO BXOAUT TeMMepatypa mo- 
BepXHocTh 7; — HeH3BeCTHaA MOKA (PyHKUMA LaBJeHHA; uTOObI OMpexeMTS 
m = m(p) u Ts = T;(p), CBa2%KeM MaCCOBYyIO CKOpOocTb FopeHuA Yepes (bu3suKO- 
XHMMHYecKkHe XapakTepHcTuKH f-cranun. 

R B-Cragua. IIpeqnonaraerca, uro B B-craquu mpoteKaeT CyMMapHO-9K30- 
TepMuueckaad peaKkIMA, MpHBOLAlad K MpolyKTaM HelomHoro ropeHua 
(NO, CO). Sra cranua mp HUSKUX LaBeHHAX ABAAeTCA OKOHYATeMbHOl cramueli 
) Mpouecca ropenua. MakcumasibHas TemMeparypa, Jocruraemas B STO cralun, 
| Tu. Tipu seicoxux aBleHuaAx Ha Mpowecchl, Npovcxo_suue B f-craquu, na- 
|| “HHaeT BIMATD MiaMeHHas craqusa (y-cTaqus), B 9POM CJTy4ae Ha rpaHue pas- 
ena B- u y-craquu qocruraetca Temnepatypa 71> Tu. IIpeanonaraerca, aro 71, 
|| Tak Ke Kak u 7s, MapaMerpHuecku 3aBHucHT oT pH To. Mcnomp3ya o6braHo mpH- 
HUMaemoe Jonymenve Dg = Ag/cgpg, HAXOLMM MepBblli HHTerpas cucTemb! (1), 


|@, i=6: 


a 1— Tf = 
i {> 
Oey qa 3 7) 


_ (anterpan A. B. 3enpgopuya). 
BpipaxkeHve [Id MaccoBol CKOpOcTH HaXOJHTCA TyTeM HHTerpHpoBanusa 
ypapHenuk (1), i = 6, npw rpaHwuHbix yculoBHAx 


y=0, T=Ts, aT; = Cam (Ts — Ts); | 
y= ys, T = 71,47, = cam(T1— Tu). (8) 
Cnenya metony (*), momwyuaem: 


RT\ “att 
2hpZ o (Vp)! a 
2 


iG i= .. EE 
ie: Ce (alge ] an aod p54:) (Ty—— Ts) 


. Foe 


vg—1 y 
e—£p/RT1, Zp = Ropes’ (&) ‘ (9) 


®opmyia (9) qaer 3aBHCHMOCTb MexK,y MaccoBOH CKOpocTbiO ropeHHaA 
‘(P¥3NKo-xMMHuecKHMH xXapakTepucTHKamu f-craquu. IIpH uurerpupoBaHnu 
IIPHHHMaJIOCh OObIYHOe BbIPaKeHHe MIA CYMMAapHOM CKOpOCTH XWMMYeCKOH 
| peakIIHH 
. He a,P\"B T1—T YB SE AIRT 

4 f(T) =k (er) Gor) pRT, (10) 
‘Tye tg — cpeqHHii MomeKyJApHbIli Bec; Vg — CYMMAPHBIH MopaoK peakilH; 
Ez, — adeKTHBHOe 3HaYeHHe SHEPIHH aKTHBAILMH; As; — OTHOCHTeJbHad KOH- 
| IWeHTpalua pearupytoulero BellecTBa Ha MoBepXHOCTH pasfea a- u f-craqnit 
“Tipu OecnmamMeHHoM TopeHHH; a; — OTHOCHTe/IbHaA KOHMeHTpalua, Kora Ha 
‘Tipolleccbl K-asbl OKAa3bIBaeT BJIMAHHE e-(basa. 
_ opmysna (9) nomyyeHa Ip NonyuleHuM as = Asy. 
} Wlupuna 30np nporpepa fP-craquu olpesetserca Mo dopmyuie 


yy — In (11) 


¥-CrT aqua (nmamMenuas cramua). B sro craqHu MporekaeT 9K30TepMHue- 
Kad PeakIMA B3aMMOselicTBHA MexKLy Mpolykramu peakuuu f-craquu, raB- 
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HbIM oOpa3som mexay. NO u CO. Iipwnamaa Dy, = Ay/cy py, HaXOJIUM 
Ta —T 


=F Vurerpupys ypapuenua (1), i = Y, WpH TpaHMuHEIx yCuIOBMAX: 
A, +. ; 

Yt la a hel = cen (T; — Tu); 
mlowyyaem 


2h, LZ, (v,)! RT BAe 
EAT = T11) (T21— T1) x 


Vg YY 
m? = e-BlRTas  Zy = Reba” * (xr) angi) 


IIIupuua 30HbI MporpeBa WiaMeHHOH cTaqHH HaxoMTCA Mo dopmyue 


K Ta—T 
ep ek 21 11 : 
Yo a" ua a cm In in = Tu 7 (14) 


C pocrom JaBJeHusd, 71 Hm pacTyT, a CleLoBaTeJIbHO, WIMpuHa Mporpesa 
yMeHbillaetca. B mpesembHoM culyuae mpH Ti — T21 ropenve Oyler ocyulectTB- 
JIATbCA B Be craquu. BepoxTHo, STOT MpeeJbHubl Clyyal OyeT HaOmoLaTECA 
TIpH TOPeHHH MopoXa pH OYeHb BICOKHX JaBJeHHAX, KOPa MaMa OWeHb OK3- 
KO K TIOBepXHOCTH K-paspl. ; 


Ta6anna 1 


1 
To, °C |V, cm/cex | p,KI/cmy Rp kr, oR | yi:104, cm Yn '10*, cm Ts °K 
+25 Ora 3,0 0,56 | 0,0049 68,8 122 756 
0,4 10,0 0,58 | 0,0048 Feet 65,4 808 
1,0 44,0 0,67 | 0,0044 5,0 26.2 890 
WA (Als 0,74 | 0,0041 Pte) 49,0 924 
5h) One 6,2 0,58 | 0,0055 Ml ge 139 756 
0,4 19,5 0,63 | 0,0053 Nae) ee 808 
120 71,0 0,87 | 0,0042 pie Pag) fi 890 


®opmyai (5), (9), (13) npHHMMuanbHo pellaloT 3aqauy, T. e. MO3BOAIOT | 
paccuuTaTb 3aBucHMocTH m= m(p, To), Ts = Ts(p, To), Ti = T1 (p, To). 
PacueThl 3HaYHTeJIbHO YIpoUlalorcs, ecJIM pacCMaTpHBaTb TopeHHe Nopoxa mpu 
HM3KHX JaBJIeHHAX, KOPa MOMKHO MpeHeOpeub BJIMAHMeM TJlaMeHHOHM cTaquHu 
(71 = Tu). Jas 2roro yvacruoro cyan KoappuuMenT Japsienua kp H TeMMepa- 
TYPHHIM KooppuuneHT kr BbIpaxKaloTcA B BUJe: 


_ (dlnm mips Ve Ree = 
ee = (G0) = Al to (15) 


18) Vv Va +2 
Lh eee ord per ee 16) 
- or Ate Wied Tepe Tu (16) 


Anasus cbopmya (15) u (16) noKaspipaer, uro c pocrom 7; (HmM JaBleHus) 
Rp pacteT,; TeMiepaTypHbIi Kosppuuvent kr npu A > 1 c pocrom 7; yBesHuH- 
BaeTcx, mpx A <1 c pocrom 7; yOnipaer. Ilapamerp A papex 


Ilo nowtyyeHHbIM (tbopMyaM Obl MpousBeyeH pacueT UpHMepa Jia HATPOrvI- 
IlepHHOBOrO Mopoxa. CocraB HW 9KCMepHMeHTaJIbHble MaHHble JIA STOO Nopoxa 
MipHBeleHb! B paOore (°). Vcxoqupre ua pacuera aHHble: Ts; = 700° K, 
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| £q = 32 000 kan/monn, 6 = 1,6 r/em®, c. = cg = 0,35 Kan/r-rpag, T11 = 1085° K, 

Eg = 21 000 Kan/momb, Aq = Ap = 4-10-* Kan/em-ceK-rpay, tt = 27 r/monb, 
Me = 0,90" 10'° cex-*) ve = 1. 

Jina ympomjenusa pacuetos Tounasd dbopmy.a (5) 3aMensnacb mpHOnuxKeHHOL 


cM 
Vo= be “atk? s “rae By = 0,870" 10" ——e 
PesyJIbTarbl pacueTa CBejleHbI B TAG. |. 
\ Cu6upeKni (u3HKO-TeXHHYeCKHi HHCTHTYT Tloctymuso 
| pH TomcKom rocyjapcTBeHHOM yHuBepcuTeTe 23 VI 1960 


um. B. B. KytOnnuesa 


UMTMPOBAHHAA JIMTEPATYPA 


= 1A. B. 3enpgzosuy, KOTO, 12, 498 (1942), 211. ®. Woxua, Coop. Ou- 
_ 34Ka B3ppiBa, 2, 1993. * K.-K. Aunapees, Tepmuyeckoe pa3moxKeHve HM ropenne B. B., 
’M., 1957.' 4H. B. 3enpbgosuy, J. A. Dpank-Kamenenunkuh, KOX, 12, 
) 100(1938). ° A.T. Mepxanos, 0. H. Ty6osuukuit, JAH, 129, Ne 1 (1959). © R. D 
~Geckler, Selected Combustion Problems, London, 1954, p. 289. 
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Jlokrxann Akagemuu wayk CCCP 
1961. Tom 136, Ni 4 


PU3HYECKAA XHMU SF | 


K. K. EBCTPONMbEB u B. A. XAPbIO30B 


O TIPHPOXE MPOBOAMMOCTH BECIIEJIOUHbIX 
BAPHEBOCHJIMKATHbIX CTEKOJI 


(ITpedcmaeneno akademuxom A. H. Tepenunoim 4 VII 1960) 


Bonpoc 0 mpupose mpoBoxumocTH OecileJIOUHbIX CHJIMKATHBIX M OOPaTHBIX | 
CTEKOJ TIpeACTAaBIAeT KAK MPHHIMNHAIbHbIN, TaK HM MpakKTHYeCKMHM MHTepec, 
OcOO€HHO B CBA3H C 3allpOCaMH SJIEKTPOH3OJIAWHMOHHOH TeXHHKH. B TO BpemMaA 
KaK WOHHbIMT XApAKTep MPOBOAMMOCTH WeJOUHBIX CHJIMKATHBIX HM OopaTHBIX CTe- | 
KOJI HOATBepKeH SKCHEPHMEHTAaJIbHO HU He MOMJIeKUT COMHCHHIO, OTHOCHTEJIBHO 
IIPHpOfbl HOCHTeeH TOKa B OecieJIOUHbIX CTEKIAX CYKJeCHHA NpOTHBOpPedMBHl. 
HanGoulee JOcTOBepHble CBEJEHHA O IPHpose HOCHTeJeH TOKA B TBEPALIX CTeKIaX | 
MOyualoT, KaK H3BeCTHO, Ha OCHOBaHHM MPOBepKH BbINOJIHHMOCTH 3aKoHa Da- 
pages mo mMetony TyOanyra ('-*). OqHako ecIH Mp 3TOM BeJHUHHA ylebHOL. 
3JIEKTPOMPOBOLHOCTH HccJleyeMoro cTeKa Mawla (KaK 93TO HMeeT MeCTO B Oec- | 
ULeJIOUHBIX CTeKaX YKa3aHHOrO THMa), TO He MpeACTaBIAeTCA BOSMOXKHbIM ra- 
PaHTHPOBaTb JOCTATOUHYIO YYBCTBUTEIbHOCTb HM HajlexKHOCTb MeTOsAa. 

Muorne aptoppi (47) 3auacTyio MpHXOLAT K MpOTHBOpe4HBbIM BbIBOAaM, 
OCHOBLIBaACh PIaBHbIM OOpas0M Ha HCCeOBAHHU HU3MeHEHHA JJIEKTPONpPOBOL- 
HOCTH C COCTABOM, 4TO, ECTECTBEHHO, HE MOXKET PelIHTb BOMpoca O NpHpose npo- 
BOXMMOCTH (HOHHOM HJIH 3JIEKTPOHHOM) OeculeOUHbIX CTeKOJ. 

Hamu JI ycTaHOBsIeHHA BHa HOCHTeseH TOKAa Obl MpHMeHeH MeTOL, paHee | 
He IIPHMeHABINMHCA B NOOOHBIX CJlyYatX HM 3akIOUaIONIMHCA B CpaBHeHHi 
SJIEKTPONPOBOAHOCTH, H3MepeHHOH HEMOCpeACTBeHHO, C 3JEKTPOMPOBOLHOCTHI, | 
paccuvTaHHOH MO ypaBHennio Oiinuitelina (8,°) 13 BemM4YHH KOIpPPHUHEHTOB Andp- 
(PY3HU, ONpPeesIAeMBIX C MOMOULbIO COOTBETCTBYIOUINX paHOAKTHBHBIX H3OTOMOB. | 
HispecTHo, YTO CBA3b MEKLy AupPy3ueli  9J1eKTPOMpOBOLHOCThIO B OOIIeM cly4ae | 


} o oe nukT 
BbIPaKaeTCH  CJIeELYIOULMM ypaBHeHHeM OMMHIUITeHMHA: D = ie 2 


D — xoappunvent Auddpy3sun B cm?/cek, %— yebHad 931€KTPOMpOBOL- | 
HOCTb B OM~!-cm~!, n — 4¥nNCO TepeHoca ANdpbyHAUpyromlero Mona, & — m10- 
cTosHHad Bowbumana, 7 — Temnepatypa B °K, N — uvcao vonos B | cm’, | 
Z — BaJICHTHOCTb MOHA, € — 3apA, 3uIeKTpOHa. | 
Baoy u ®utnpxepampyom (#4), a Takxe ofHMM U3 Hac (2°) Oblmo0 NOKa3aHo, 

4TO MA WeEOUHBIX CTEKOJ PasIH4HA B JOrapudMe SeKTPONPOBOAHOCTH, pace | 
CUMTAHHOH H3 SKCHePUMeHTaJIbHO OTpeseseHHOTO Kosaddunventa Audpy3nu 
MOHOB HaTPHA WH HEMOCPeCTBEHHO H3MepeHHOH, He npeBbtaroT 0,3. IlocKoubky | 
HOHHBIM XapaKTep MPOBOAMMOCTH WeIOUHBIX CHJIMKATHBIX CTCKOJI He BbISbIBaeT 
COMHeHHH, TO B ClyYae COBNALCHUA HeEMOCpesCTBEHHO H3MePeHHHIX WU BLIMUCJIEH- | 
HBIX H3 Luppy3uu SJeKTPOMPOBOAHOCTe B GeCULeJOUHLIX CTeEKAX MO2KHO OLHO- 
3HaYHO PellMTb BOTpoc O HOCHTese TOKa. B cyuae 3eEKTPOHHOM MpOBOLMMOCTH 
BCJIMYMHbI YCJIbHbIX 3JIEKTPOMPOBOAHOCTeH, PaCCUHTAHHbIe B IpelnooO*wKeHHH 
ABWKCHUA HOHOB MH W3MepeHHble HEMOCPeACTBEHHO, JOJMKHEI pasMuaTbCA Ha | 
He€CKOJbKO MOPAKOB, 4TO H HaOIOMaIOCcb HaMU [JIA KaJIbIWeBO-BaHalHeBOrO 
ctekia (18 mom. % CaO u 82% VO). 
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i Vicxoia M3 BceroO CKa3aHHOro BbIIe B Hallly 3a_auy BxO_MAO cueqyioulee. 
_ 1. Hsmepenve saekrponposoguocTu BplOpaHHBlx OecuenOuHEIx cTeKOu 
_B INMpOKOM TemMllepaTypHOM uHTepBase. 2. M3mepenne Kosdpunventos udby- 
| 3HM HOHOB — MOTeHI{MaJIbHEIX HOCHTeel TOKa. 3. CpaBHeHue 9KCHepuMeHTaJb- 
_ HO H3MepeHHOH 3/IEKTPOMPOBOAHOCTH C paccuHTaHHOH no ypaBHeHuIo SitauiTeli- 
“Ha U3 U3MepeHHh Auppy3uu AIA sakOUeHUA O MeXaHH3Me MpOBOAMMOCTH. 
B cBa3H C MOcTaBJIeHHOl saqauel JA uccneloBaHuA OLIN BEIOpanbl GapHe- 
BOCHJIMKaTHbIC CTEKIA KaK MMeIOUIMe MOCTATOUHO INIMpOKy!O OG6NaCTb CTeKJIO- 
oOpasoBanua. Bapku cTekoul, coxepxanux 30, 40 u 50 mon.% BaO, npousBo- 

| Zusucb us BaCO, MapkKu «uHcTHIli»y Mw cenapupo- 
BaHHOrO MeCKa B KBaplleBblX 6-MTPOBbIX THIVIAX lg : 
mipu 1550° C B BeicoKouactoTHoli mea *. Vamepe- ~7 wy 

HHe YJe€bHOH 3eKTPOMpoBOAHOCTU MpoUsBoN- 
cp 
100) 
30 


HOM MHTepBavie HaOwOAaeTCA 3aMeTHOe yBesmH4e- 
give YHeJIbHOH 3JIEKTPOMpOBOAHOCTH pH 0-, -s 
BbIIMeHHH cofepxaHua BaO ps crtekne. Jia 
'omHoro u3 cTekonm (50 mow.% BaO u 50% SiO,) if 
_ ObIJIO MIPOU3BeeHO U3MepeHHe KOSDUUMEHTOB Audp- 20 70 mon %bu0 
-«py3uv nonosB Na* xu Ba** npu 655°. Bri6op creksa 
“MU CTOJIb BbICOKOH TemmepaTypbl He ObliH mpow3- Puc. 1. U30repmer yyzenpuoit 
‘BOJIbHBIMH, a JIMMHTHpOBaJIMCb MaJIbIMH Koapipu- TV daar tGe Oa Sor A 
‘WMeHTaMH Audpy3suu u3syyaempix uoHOB. M3mepe- : 
HMA KOOdpuyveHTOB Audpy3sun MpousBoMuch 
“-MeTOJOM COLIMIMOBLIBAHHA TOHKHX cuoeB cTeKa (',1%), c ucnoub30BaHHem 
/B KauecTBe HHAMKaTOpos Na” u Bai*®. 

PaccunTaeM, KakoBa OyJleT 3/IeKTPOMPOBOAHOCTh cTeKJIa B MpelooxKeHHH, 
UTO HOCHTeJIAMH TOKAa ABJIAIOTCA TOJbKO HoHH Ba**. [lepenuuiem ypapHeHue 
i SnwTeliHa B CJleLyIOlleM BlJe 
4eDp,-Npq _ 7,2-10-5Dg,-N pq 

oa RT tah Ra dete 

7,2-40-15.4 ,4-1022-(2 + 1)-10-22 


ie 46 1 0,8) 10 om ee 


_ J10Cb M10 OObINHOH MeTOAMKeE C MOMOILbIO Merom- ear 
etpa MOM-4 8B tTemnepaTypHom uuHTepBae -8 

\350—650° C. 

| JiaHHpie usmepennit” mpegcrapmenni na puc. |. 

| Kak BHIHO H3 pHc. 1, B yKa3aHHOM TemMepaTyp- - ae 


™, 
Tie “pa — 2IeKTPOMpoBOMHOCTS cTeKa B MpelMosioKeHMH, uTO HOCHTe AME 
_ToKa ABJIAIOTCA HOHE Ba**, Dg, — IKCMepHMeHTAaJIbHO ONpeleJeHHbIM Koappu- 
“WuexT qudbysuu Batt, Ng,—KonuenTpatus uonop Ba** B | cm? crTeksa. 
_ Awanorwunbim o6pa3om paccuvTaeM, KakoBa JOJKHA ObITb 3/IeEKTPOMpOBOL- 
-HOCTb CTeKJIa B MpelMosIOKeHHU, YTO HOCHTeIAMH TOKa ABJAIOTCA MoHbI Na’, 
MIpHcyTcTByloulve B cTeKJIe B Bue mpuMeceH. Ilo JaHHbIM XMMU4eCKOrO aHasN3a 
KouMuectBo NazO ne mpespiitaso 0,02 Bec.%. CieqoBateJbHo: 


1,8-10-5Dy.-Nnq —1,8-10715-4,5-1019-(2£1)-10-2 
a 4 ss ay 7 O88 ; 
= (5,8 + 3)-10°" om?-cm~*. 


%*Na = 


ee oe 


Jina creksia cocrasa BaO 50% — SiOz 50% (Mo.1.) mpu T = 655° C use- 
peHHble 3HaveHHA Koappunnentos Luppysuu Na* u Ba** uw sJiektpompoBogHocrTu 
Teka OKa3aUCcb CJIeLYIOULMMH: 


Dpar CM?/ceK Dynar CM?/ceK —Ig%p, —lIg Xn —12 %snen 
(2221) 10-12 (2t)-10-24 6,8+0,2 10,340,3 6,020.2 


* ABTOpBI BbIPAaKaloT CBo1ww npusHaTesbHOCcTS E. B. [ogyuiko 3a cofeHcTBHe B yKa3aHHbIx 
BICOKOTeMMepaTypHbIX BapKax. 
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Vs sTux JaHHbIX BHHO, YTO 3JIeKTPOMpOBOJHOCTh, OOyCJIOBIeHHad HOHaMH 
Ba** (xpa) H SKCMepHMeHTaJIbHO H3MepeHHasd (Xoxcn) B MpeesaxX MorpelHocTu 
OlbITa, OJMHAKOBA, B TO BPeMA KaK JIeEKTPOMPOBOHOCTh, OOyCMOBJeHHad HOHAa~ 
mu Nat (%na), OTMM4aeTCA OT Moxcn MOUTH Ha 4 NopalKa. 

Takum 00pa30M, COBMeCTHOe pacCMOTpeHHe BeEMYHH 3/eKTPOMpOBOAHOCTH, 
pacCUHTaHHbIX Ha OCHOBAaHHM M3MepeHu KosPuNNeHTOB AudpysHu u usme- 
PeCHHBIX HeMOCpeACTBEHHO, MPHBOAHT K BbIBOAY O MepeHoce sJeKTpH4ecTBa 
B GeCHIeOYHLIX OapMeBOCHJIMKATHBIX CTeKIaX HOHAMH OapuaA. 

Tlo-BuyMMOMY, MOJyYeHHbIe pe3yALTATbI MOryT ObITh pacipocTpaHeHb! U Ha| 
[ipyrve OecieOUHble CHJIMKaTHbIe CTeKJIa, COMepxalllMe OKUCJIbI ABYXBAJICHTHBIX | 
MeTAJIJIOB. 

Virak, B HacTosmmeli pa6oTe yCTaHOBJIeHO, TO CKOPOCTb ABYXKeHHA TIpHMec- 
HbIX IL€JIOUHbIX HOHOB COH3MEPUMa CO CKOPOCTbIO J[BYXKCHHA HOHOB OapHAl B Gec- 
W€OUHbIX OapMeBOCHJINKAaTHBIX CTeKIaX, HO JOJIA WeOUHbIX HOHOB B MIpOBO- 
JIMMOCTH HeH3MepHMO MaJla B BYAy HX MasOH KOHWeHTpauuu. HocutTersamu 
QJIEKTPHUeCKOFO TOKA B GOecilesOUHbIX OAaPHEBOCHMKATHBIX CTEKNAX ABJIAIOTCH | 
HOHbI OapHa. 


Tloctynuno 
24 VI 1960 


HHMTHPOBAHHAA JIMTEPATYPA 
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Hoknayn Akagemun nayx CCCP 
1961. Tom 136, Nb 4 


PHSHYECKAAH XHMHA 


JI. H. KAPTAINEBA, 3. C. BYJIAHOBCKAA, E. B. BAPEJIKO, 
i A. M. BAPIJABCKWH u M. A. TPOCKYPHHH 

| ‘ 

% 


MCCJIENOBAHHE PAJXMAIMOHHOFO OKUMCJIEHUAA BEH3OJIA 
B BOJHOM PACTBOPE METOJOM MEYUEHbIX ATOMOB 


hy (ITpedcmaeanexno, axademuxom B. A. Kapeunsim 16 VII 1960) 


j \ re 
_ Mimeronyueca skcnepumentaspubie Zanupie (1~*) cBuyeTebcTByIOT 0 TOM, YTO: 
TI€PBMYHbIM JCHCTBMeEM U3J1yYeHHA Mp palWalMOHHOM OKNCeHHH OeH30ua 
i BOMHOM pacCTBOpe ABJIAeCTCH NOFIOWeHHe H3JIyYeHHA MOJIeCKYyJIaMH BODHI. 
Takoe «KocBeHHOe» JelcTBHe H3IyYeHuA Ha OeH3OJI MOET ObITh M60 pesyuib- 
' TaTOM HemocpelcTBeHHOrO BoO3sselicTBUA Ha MOJIeKYJbI GeH301a aKTMBHEIX 4a- 
"CTH, — paqvkanos HW BOsOyxKJeHHBIX MONeKYy/, OOpasylouluxca Mp payuornuse 
BOLI U AudpyHAUpyrouyux B pacTBope WO BCTpeyH C MOJeKyaMH pacTBOpeH- 
_ Horo BellecTBa, HOO CJIe{CTBMeM TepeqauH SHeprun BOsOyxKAeHHA MOUeKyuJIe 
OeH30s1a MUrpallve COOTBeETCTBYIONLMX KBaHTOB 3HeEpruu m0 Bose. 
; EcTb OCHOBaHHA MOsaraTb, YTO B CHCTeMe GeH30J1 — BOa MpOABJAIOTCH 06a 
| M€XaHM3Ma TaKOrO «KOCBeHHOrOy JelictBua. B novb3sy nepBoro MexaHH3Ma ro- 
, BOPHMT COCTaB HeEKOTOPHIX BBIJeJICHHLIX MPOAYKTOB, BO3MOXKHOCTb BJIHAHHA 
/ MosleKyApHOro KUCOpoOsa Ha BEIXOL (Mp HeEBbICOKUX TemnepaTypax), a TaKKe 
“gaMeTHoe, XOTA HM He OYeHb CHABHOe BAMAHMe TemmepaTypHi Ha BbIxo (°). 
_B nowp3y BToporo MexaHu3Ma CBUJeTeJIbCTBYeT OOPa30BaHHe MYKOHOBOYO aJIb- 
_fleruya B mpucytcrBuu Kucoposa (°,”). 
' Ha BosMOxKHOCTh MeXaHH3Ma, BKJIIOUAIOULerO MpHcoeqHHeHHe aTOMOB BO-- 
| fopoka M ruypoKcvabHbIx paluKaoB, OOpa3sylouluxca pu payMomuse BOLE, 
_K MovleKkylam GeHsoma (a TaKxKe xJIop6eH30a), yKa3bIBasIOcb B paGoTtax (?,§), 
MOCBAIMeHHBIX PalHOMM3y BOLHBIX PaCTBOPOB STUX. BellleCTB, a TAKE MH B He~ 
_ flaBHO noxsBMBUelica padoTe (°). 
.s Kak TloKa3bIBaeT UcCIeqOBaHuve HepacTBOpHMOrO B BOse BelleCTBa, OOpa- 
_ syloulerocd HapsaAy c deHouom mpH o6myueHHM CHCTeMbI OeH30J1 — Boma. 
_B BaKyyMe, ero cocTaB cooTBeTcTByeT OpyTTO-opmywe Cy2H jy4\161202, a MHdpa- 
_KpacHbli CNeKTp STOFO BelllecTBa CBHJeTeEIbCTBYeT O HaIMUMH B HEM avIudpa- 
‘THUeCKHX HM apomaTuyeckux C = H-cpsa3ei, a Take OH-casasei (°). Takum 
O6pasom, ocaloK cofepxKUT OKCHTMAposNeHIbl HW BOSMOKHO AMOKCHANpe- 
Hunt. M3 sToro cilelyeT, YTO NepBHYHLIMM MpOLyKTaMM Mp pawMouuse Oex- 
|| 3014 B BOAHOM pacTBOpe ABJIAIOTCH He (PeHUJIbHbIe palnKasbl, OOpasyloiueca. 
| pe3yJIbTAaTe OTINeMweHUA BOJOPOa OT O€H3OJIBHOTO KOJIbILa NO CXeCMaM 


CeHe + OH’ — CoH; + H20 


CeHe + H' > CoH; + Ha, 


JleKaLUM B OCHOBE MpHHATOM B HacToAee Bpema cxemp! I Telina u Baiica ("”),. 
| PaLUKaILI, ABJIAIOUMeCA NpoLyKTaMH mpucoequneHuA pafukanos OH u H, 
Moviekyam Geusoua, T. e. CsH; u C,H,OH’, pexomOunalua KOTOpbix' mpH- 
IMT K OOpasoBaHuiO MOvIeKys UCCeyeMoro HepacTBOpHMOrO BelllecTBa. 

Hoppe BO3MOXxKHOCTH UCCeLOBAHHA MeXaHU3Ma OOpasoBaHHA MpoOAyKTa. 
IKUCIEHUA OeH301a HM MpOBepKH YKa3aHHbIX MpeMMOMORKeHHM OTKPbIBAeT Usy- 
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geHve pakvou3a OeH30Na B IpHcyTCTBHH TAxKeNOH BozbI (D,O), KoTopomy 
nocpallleHa HacTosaa padora. Myea ompiTos cocTouT B culexyioujem. Ec Kak 
aaa H’, tax u gaa OH’ pagqukanoB cnpaBelIMB MexaH3M MpHcoeMHeHHA, TO 
B OOpasylollemca BellecTBe JelTepH AOJMKeH COMep2xKaTbCA He TOJIbKO B rpyn- 
max OH (aTompl Boopoya KOTOpbIX CBOOOAHO OOMeHMBaIOTCA C MOJIeKYJaMu 
BOJbI), HO TakKxKe UM BC = H-cBa3ax, M30TOMHbIM OOMeH BOMOpOa B KOTOPBIX 
B OTCYTCTBHE W3/yYeHHA, KaK M3BeCTHO, He mpoucxopuT (*°). Odpaoatpipan 
ocaqOK, MOJYYeHHbIT Mp palvouuse OeH30/1a B MpHCyTCTBHM TAKeJIOM BOJI, 
pacTBOpHTeeM, COfepxXallluM IMApOKCHJIbHy!0 Tpynly C HOPMaJIbHBIM H30TON- 
HbIM COCTABOM TIO BOAOPOLY, T. €. «BbIMbIBAaA» Metepul us OH-rpynn ocaqKa 
H ONpelesan ero coep2xKaHHe Moce OOpaooTKH, MOHKHO YCTaHOBHTb KOJIMGeCTBO 
jlelitepua, BHeqpeHHoro B CH-cBa3¥ MpokykTa peaKWMu, a NO pasHocTH ompe- 
JIeIMTb CofepxKaHHe Jelitepua B OH-caa3ax. CooTHoLleHHe MexkKy KOHILeEHTpa- 
IMAMU JeiitTepua B OH- u CH-cBaa3ax MOxKeT XapakTepW30BaTb COOTHOIIeEHHE 
BePOATHOCTel IIpHCOeAMHeHHA CooTBeTCTBeHHO OH’ u H’ payukasioB K KOJIbILy 
IPH peaIu3allMM MOCTYAHpOBaHHOrO BbIe MeXaHH3Ma MpucoesquHeHuA. C Apy- 
rol CTOpOHbI, eCJIH MO XxOy peakUHH B CHCTeMe OOpasyeTcA MeHMJIbHbIM palu- 
KaJI, TO JOJDKeH OOpa3OBaTLCA TakKe H elTepoOeH3O/1, KaK Pe3y/bTAT PeKOM- 
OuHauN (peHUbHOrO paluKasa c aTOMamMH Bogoposa. Ilostomy u3smepax Co- 
jlepxKkaHve Jlelitepua B HempopearHpoBaBuiem OeH3O/Ie, MOXKHO HeMmocpesct- 
BeHHO CYAUTb O BO3MOX%KHOCTH peamusaunH cxembl [Tena u Balica. 


MeTogwuKka 


OG6syyeHve cMeCH 6eH30J1 — YTAKeeHHaA BOa TpOBOAMIOCb Np MOMOULH 
HCTOUHHKa Y-H3nyyeHua Co®® momHoctbIo fo3Et 170 r/cek; BpeMa o6syaeHuaA 
cocTaBiaso 250 uac.; KOHIeHTpalua Telitepua B Boge 26,7 at. %. Ilepen uc- 
MOJIb8OBaHHeM GOeH30J1 H BOY TWLaTeJIbHO OUMMaIH. OObem oOsyueHHOH BOJ- 
HOH (pa3bl C paCTBOPeHHIM B Heli OeH30JIOM CocTaBAA 95 MI, OObeM OeH30JIb- 
HOrO CJIOA Hal BOAHOH cpasoH#— 15 Ma. ONBITEI MpOBOAMIHCh B CTeCKJIAHHEIX 
amiyax. Ilepex o6yyeHHemM pacTBOp TULaTebHO OOe3raxKMBaJIH B BaKyyMe 
TlyTeM MHOFOKpaTHOrO 3aMOpaxKUBaHUA HM pasMopaxKuBaHHA. Odpa3syronlHlica 
HapsALy Cc PeHOJIOM B BOAHOH case B MIporecce OOJYYeHHA MpOAyKT Sesioro wBerTa 
OTIeJIAJIM OT OCHOBHOH MaccCbI pacTBopa MyTeM AWMTeIbHOrO WeHTpudyrupo- 
BaHHA TO MeTOAUKe, OMMCaHHO panee (*#). BpigemeHHoe BemjectBo (1,0—1,2 r) 


MOCJe MpOCyLIMBaHHA B BAKYYMHOM 9KCMKaTope Jemuin Ha Tpu nopunu. Ilep- 


Bad MOPUMA NOCTyNala WIA ONpeeseHHA COMepKaHUA TeuTepuA 6e3 KaKOH Obl 
TO HM ObluIO XHMMYeCKOH OOpaOoTKH, BTOPy!O NOPIUMIO B3BeLIHBaIM M noOsBep- 
raid MHOroKpaTHomy (14 pa3, mopuuamu mo 5 MM) pacTBopeHuio B cnupTe 
C MOCJeLYIOU\MM HCMapeHHeM C LeJIbIO «BLIMbITb» JeHTepuh us O— H-rpynn 
yTeM H30ToNHOrO OOMeHAa co cnupToM. B MouHOTe «BbIMbIBAHHA» yOexKLaMCb 
110 OTCYTCTBHIO H3MeCHEHHH B COMepxKaHHN TeHTepHA pH abHeMMIeH OTMBIBKe. 
Ocraioujeeca mocsle OTTOHKM CIMpTa BellleCTBO B3BELIMBAaIM M onpelenaiu 
KOHI[CHTpalvlo OCTaBLUerocaA B HeM JleliTepus (B cBa3ax CH). Tpersio nopiuio 
MHOrOKpaTHO OOpaOaTbIBaJIH BOJHbIM PaCTBOPOM COI, Noce Yero MpOMbIBaJIM 
BonoH. Takai oOOpaOoTKa MposykTa peakiHu JowmKHAa Oblia OGecneuuTb yyaue- 


HHe HeEOOJIbIIMX KOJIMGeCTB (peHoua, KOTOPbie MOTI allcopOupoBaTLca Ha OCayKe | 


(OCHOBHas Macca (peHOwIa ocTaeTca B BOLHOM pacTBope). Kpome Toro mpu 3ToM, 
Tak Ke KaK HM BO BTOPOM NOP, HMeJIO MeCTO «BLIMbIBaHHe» JeiTepua u3 OH- 


rpynn. TlonyyeHHpli mocae Tako O6pa6oTKH MOpOUIOK B3BeIIMBaIH M Onpese-- 


JAH COep2KaHve OCTABMerocA B HEM JlelTepua. 

Hapsny c uccneqoBpaHvemM HepacTBOpHMoro MposyKTa onpekemAnu TakxKe 
coflepskKaHue JleiTepHA B HelpopearHpoBaBulem OeH30se. JIA onpeweneHua 
cofepKaHunA MeliTepuA BeWLeECTBO CKUTaIM B H3ObITKe KHCMOpoOsa Hal OKUCbIO 
MEH, MOABepralu MOJyYeHHy!O BOAY OUMCTKe MW Mp MOMOMIM KaleJIbHOrO Me- 
Tofa (*) npoBoxuam ee u30TONHI ananus. Kaxxypiii oOpasex, ananu3supoBanu 
TpwKIbl H Opain cpeqHuli pesybTaT. TouHocTh ompekeseHHA KOHMeHTPalluH 
Heitepua 0,02 ar. %. . 
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»PesyabTaTH uw UX oO6cyKAeHHE 


_ Pe3yJbTaTbI onbITOB MpescTaBeHb! B Tab. 1. Tlomyuenupie WaHHbIe 10Ka- 
‘SbIBaI0T, 4TO OOpasylollulicA HapsAy c WeHoOM HepacTBOpHMBIli MpokyKT 
‘PawWallMOHHOTO OKHCIeEHUA OeH301a B NPHCyTCTBMM TaxKeOM BOLL CosepxKUT 


Ta6auna 1 


Pes3ybTaTbl ONbITOB NO pavouM3sy 6eH30ua B MPHCyTCTBUH TAKe- 


JIOH BObI 
Bec BeulecTBa, r 
Coyepxka-~ 
BemjectTBo Hue aelite- mo o6pa- | mocane 06- 
PHA, aT. %) “ GorKu pa6orTku 
Tpepibi mpoxyKt, Herocpeyct- Ae 2 1,1585 — 
‘ BeHHO BbIJeJeHHDIM 43 O6.y- 
: YeHHOH CMeCH 
{ 
K _  -TBepapai mpozykt, o6pa6otax- 3,8 0,3762 | 0,3766 
4 - HbIM CMpToM* 
? Tpepablli mpowyKT, o6paboran- 3,8 0,3944 0,405 
5 HbIM PacCTBOPOM COJIbI 
f Benson **, BbIqeeHHbI 13 oOmy- 0,0 = = 
YeHHOH cMecH 


* Tlocne MOMOTHHTeIbHOM WecruKpaTHoli O6pabOTKH YacTH sTOLO O6- 
pasta, KOHIeHTpalusa AelirepuA B HEM OCTaacb 3,8 aT. %. 
** Tlepem comK2KeHHeM OeH30 NMOABeprasica OCymKe H OUNCTKe, 


jlerepul kak B OH-rpynnax, Tak u B C = H-cBa3ax apomaTwuecKux Koviell. 
Tlocsie MHOroKpaTHOH OOpaboTKM MposyKTa cuuptTom (c nocekyiouluM ero 
WcnapeHveM), MpHBOAsAUel K MOJIHOMY «BbIMBIBAHHIOy JelitepHa u3 OH-rpynn, 
‘KOHICHTpalluaA JeHTepHaA B MpOAyKTe nalaeT, KaK 3TO BHAHO H3 Tabu. 1, mpH6uH- 
3HTeNbHO BTpoe. OTciosa CleyeT, YTO COOTHOMICHHe MeXxKLY KOJIMYeCTBAMH Jlelt- 
‘Tepua B OH- u CH-cpa3ax cocrapaser ~2: 1. 

_ OmcytcTBue JelitTepua B OeH30Je, OCTaBLIeMCA B OOJIYYeHHOH CMecH, CBUJeTeNIb- 
‘cTByeT Mpexye Bcero O TOM, 4TO B yCOBMAX MpOBeeHHA ONbITAa, HM B YaCTHOCTH, 
Tip MpHMeHAeMbIX 03aX M3JIyYeHUA, USOTOMHbIi OOMeH Me?Ky 6eH30JI0M H BO- 
Jo HemocpescTBeHHO He uMeeT MecTa. CrefoBaTebHO, aTOMbi JeiiTepuA He Mo- 
YT BHeApaATbcaA B apomMaTHyecKue C—H-cBa3u Mpokykta OKMCeHuaA OeH3oNa 
HeEMOCpefcTBeHHO B pe3yJIbTaTe M3OTOMHOrO OOMeHa Mexy GeH300M HM BOON 
‘C TOcMeLyowluM MpeBpalljenvem jelirepodenso1a. Hanwuue Jeitepua B apoma- 
‘Twueckux C=H-cBa3ax mposykTa peakWHH MOXKHO OObACHHTb Mpucoeluue- 
'HHeM ATOMOB JleiiTepua, OOpasylOulMxcA B pe3yJIbTaTe paMO/IW3a BObI, K MO- 
JleKky1aM OeH30.1a HM MocuJeLyIouluM MpeBpallleHuem jleiirepopanuKanos C,H,D. 
‘Hanae xe rifpoKCHJIbHbIX Ppyl B MpOsyKTe peaKUMM ABIAeTCA CyeCTBHEM 
‘aHaOrvuHoro Mpotecca MpHcoeyuHeHuA pafuKaloB OD* K MomeKysiam GeH3ouIa 
ic o6pasoBaHueM payuKasos CsH,<OD", koTopble, Tak Ke Kak M paguKavbl CHD", 
uacTByl0oT B flaJIbHeHINMX MpeBpallleHHAx, MpPMBOAAMIMX, B KOHeYHOM cueTe, 
K OOpa30BaHuio deHosla HM HepacTBOpuMoro ocasKa. 

_. OrcyteTBve Jelitepust B OeH30le yKa3bIBaeT Ha TO, YTO B YCMOBMAX oMbiTa 
‘He UmMeeT MecTa oOpa3o0BaHHe (PeHJIbHOFO pasuKawla, MOCKOJIbKY Takou paluKail 
‘Hens6exKHO JOJKeH Obl Obl PEeKOMOHHMPOBAaTh C MMeIOILMMMCH B CHCTeMe aToMa- 
MM Jlelitepua, oOpasya JelTepoOeHso.. 

) Tlonyuenupie B 9To paGoTe TaHHble OfHO3Ha4HO MOATBepxKAaloT MexaHHsM, 
| CormacHo KoTopomy (7) MpOAyKTb paswallMOHHOrO OKMCeHuA O6eH301a B BOL- 


HOM pacTBope BO3HHKaIOT BCJeACTBHe peKOMOMHallMH pauKanoB C,H; u 
C.H.OH’, oOpa3ylolluxcA B pe3yJIbTATe MpHCoeAMHeHUA ATOMOB Boopoya u 
paqukanos OH xk mosexysiam Gen301a. bowee Toro, NomyyeHHoe B STO padoTe 
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COOTHOWeHHe KOHIeHTpalnii Jeitepus BO = H- uC—H-cpa3ax mposykta, pa 
Hoe MpvO1M3uTeIbHO 2: 1, CBUeTebCTByeT O TOM, 4TO paqukanbl CHO] 
o6pa3yloTCA IpHMepHO B Ba pasa yale, 4eM paluKavbl CgsH¢D", uTo, B CBO 
OUepeb, MOXKET OLITh OObACHEHO Oovlee NerKUM OOpa3s0BaHveM MOJIeky BOK 
pola H3 aTOMOB 110 CpaBHeHHIO C OOpas0BaHHeM MOVIEKYJI NepeKHCH BOMOpo 
W3 pajuKasliop OH. 


@Mv3HKO-XHMHYeCKHH WHCTHTYT IloctymH0 
um. JI. 1. Kapmosa 11 VII 1960 
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Hoknann Akagqemun nayr CCCP 
1961. Tom 136, Ne 1 


PH3HTECKAA XHMH A 


10. A. KOJIBAHOBCKHH, JI. C. MOJIAK nu 9. B. WJIMXTEP 


y-PAQHOJIM3 w4-TENTAHA, 
AJCOPBHPOBAHHOrO HA OKHMCHbIX KATAJIM3ATOPAX 


(ITpedcmaeaeno akademuxom A. B. Tonuueeoim 5 VII 1960) 


Ilembio HacTOsMeH padoTbI OblIo HCCJIe_oBaHve OCOGeHHOCTeH paguouusa 
n-aNKaHOB B ajJCOpOHPpOBaHHOM COCTOAHHHM Ha TIpHMepe A-renTaHa, romoreH- 
“HEIN payuomu3 KOTOpOrO pavee OblI NoApoGHO u3syyeu (1 *), 

. Kuneruueckue MCCEOBaHUA MOLOOHOrO THIIa BepPBble OLIN OCYIULeCTBJIEHEI 
_ Ji. B. inucapxxesckum emje B 1936 r. (*). B 1959 r. Amex ¢ coTpyqHuKamu uc- 
CeLOBAIN paqvow3 H-renTaHa B aycop- 
OMpOBaHHOM COCTOAHHM B OO/aCTH 3a- 
MOJHeHUA NOBepxHocTu 9 < 1. Muu Obl- 
_ JO HaligeHo, YTO c poctom § BbIxXoy 


TabOuuna 1 


Jlanubie 06 Hcnomb30BaHHBIX B padoTe 


KaTaM3aTopax 
eee Kara | Be ais 
JH3a- CoctaB, Bec. % pec, | canoe Hair 
TOp r/em* KaTaJiu3. 
| 
3 I Al,O3 4100 0,525 | ~ 0,650 
Al,O3 90 
Cr,03 8 0,846 0,526 
rE Melt Wer K,0 2 
0 es 10 Il Al,O3 87 
II MoO; 46 0,836} 0,881 
hy Pre. 1. SapucumocTb mpHpocta jaB- OcHoBHble CyJIb- 
JleHHs Ta3a, oTHeCeHHOrO K | r renta- bath 3 
Ha, OT OTHOWCHHA SJIEKTPOHHEIX 10- Al,O2 79 
dei KaTamusatTop: rentan (8) — Ms ; : 
KaTalusatopa II IV | He ee ioe UA 


- (H, + CH,) ysenuuupaetca Bp 2—4 pasa. Bois Cea BbIBOA, YTO Mex Ly TBep- 
| AbIM BemecTBOM AJICOPOUPOBAaHHLIM YIrvieBOLOPOLOM UMeeT MecTO Tlepepacnpe- 
flenenue normoujeHHolt sHepruu u3saysenusa. Ilpeaqmonaranocb, 4To mepefaua 
_ 9HeprH cBaA3aHa C MUrpalHeli CBOOOMHBIX IJICKTPOHOB HIM AbIpOK (°). 
| B uamieli paOote y-paqvos3 X-renTaHa MpOBOLMJICA Ha CNeLYIMMX KaTa- 
JM3aTOpax: OKUCH amomuHUa (I); aJlIOMOXPOMOBOM, IIPOMOTHPOBaHHOM OKHCbIO 
-xanua (II); amtomomomu6penonom (III) uv KoOabTamOMomosmHOZeHOBOM (IV). 
_ Heo6xogumple WanHbie 06 STHX KaTausaTOpaXx IIPMBeLeHL! B TAOA.. 1. 
_ Tlogzroropka o6pa3i0B mpoBoyusacb Mo MeTowMKe, onMcaHHO B (°); HBy- 
_ weHHe KHHETHKH — Tak Ke, Kak B (“). KHHeTHKa pafMOJIM3a H-renTana Ha KaTa- 
Jausatope (II) usyyanachp npu 9<1, a TakxKe NPM MHOrOcOMHOK ajcopOuHH. 
Bo scex ocTabHEIxX clyuaax pa6oTa MpOBOAMMacb MPH MOHOMOJIeKyJIAPHOM 
“MOKpbiTHH moBepxHocTu ($= 1). GametTuM, 4TO alcopOuva renTaHa mponc- 
 xomuna npu t~10° u aBannacb oOpaTumoH. B cuuly sToro, a Takxe NoTOMy 
 YTO TeMOTHI ALCOPOMMH MAO OTAMYAIOTCA OT TeIOTHI KOHAeHCaNMM rerTana, 
 XEMOCOPOILHA, B OObIYHOM MOHHMAHHH ee, B HallieM Culydae He HMeeT MECTA. 
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Ha puc. | npescTaBieHa 3aBHCHMOCTb lIpMpocTa faBjieHua rasa (AP), 
orHeceHHoro K 1 r renTaHa, OT OTHOUICHHA SJIEKTPOHHbIX omen KaTausa- 
top/renTaH Jia KaTanusatopa II. Bocnpou3sBoquMocTb pe3yJbTaTOB OblJa 
xopowel, 1 Noka3aHHasd Ha puc. | norpeulHocTb B onpexemenun AP HeBenuKa. 
Touka mepesiomMa Ha pxce. | cooTBeT- 


AWE Moy m igre i 
‘ CTBY€T MOHOCJIOHHOMY TIOKPbITHIO, OTA 


Shauenua AP... uw Z QA pasMMyHbIXx KPpHBax, OYCBHAHO, MOXKET ObITb MIpHMe- 

KaTaJIM3aTOPOB HeHa JIA ONpeeIeHHA yleJIbHOK T1O= 
BEPXHOCTH KaTaJIH3aTOPOB. 

Ree ansoaen eA. 10 cove Zz B Ta. 2 mpHBeqeHbl 3HaveHHA 


AP ora AJA-MOHOMOJI€KYJIAPHOTO MOKpbi-- 
THA Ha pa3JIMYHbIX KaTaH3aTopax. 3a 


Pomorenuas 1,0 eC(MHHWY MpHHATO 3HayeHve AP npn 

cuctTema TOMOreHHOM payHouinse. 
i sy oe thee Ha puc. 2 mpeqctaBiena TunwuHas 
Il 3,36 1.7 0,026 Avia BC€X M3YYCHHbIX KaTaJIM3aTOPOB 
IV 2,42 3,6 | 0,073 KMHeTH¥YeCKad KpHBad paqnonu3a renta- 


Ha Ha KaTau3atope (1); KpHBaa mper- 
cTaBuIAeT COOOIO HempepbiBHyo 3anucb AP = f(t) camonucyem SIIII-09. 3necb 
TIpPHMe¥aTeIbHO HaJIM4uHe HeJMHeEMHOCTH B Hayase KpuBoH. B ombiTax, Korfla 
alcopOIluaA MpOBOAUMAch Ha MpeBapHTeAbHO OO YYeEHHBIX KaTaMM3aTOpax, BbI- 
XO, Pa3OBbIX MpOAYKTOB pauouu3a CyUleCTBeEHHO CHWKasIcA. Tak, Halpumep, 
sHauenuA AP >, Ha KaTamH3aTope (I) paBHbl CooTBeTcTBeHHO 12,7 u 5,1, a Ha 
KaTamusatope (IJ) cootBetcTBeHHo 2,0 nu 0,27 *. 

B cBa3H C MpMBeeHHbIMH BbILIe SKCMePHMeCHTAJIbHbIMH JaHHbIMM Cieaem 
cnelyioulve 3ameuaHHa. 

Hanuuue auHefHOM 3aBMcHMocTH BbIxoya (AP) paquonusa OT OTHOUICHHA 
3JIEKTPOHHBIX Joule KaTasM3aTop/TenTaH B WHHTepBasle 3HaYeHHM STOTO OTHO- 
I€HHA OT MOHOMOJI€KYJIAPHOTO CJIOM JO romoreH- 

HOH CHCTeMbI COOTBETCTBYeT TOMY, 4TO Mepesaua mm 0 

SHEprHu OT KaTaM3aTOpa MpOMCXOLMT TOJIbKO B 70 

MOHOCJIOH HW He HMeeT MeCTAa JIA WOOOrO cielyr1o- t 

UleroO COA, CKOPOCTh palMOIH3a B KOTOPOM paBHa & 

CKopocTH romMoreHHoro mipomecca. To, 4TO B OOsa- 0 i a ae 
ctu §< 1 BbIXOM pacTeT C 3aM0JIHeHHeM, NOKa3bI- 

BaeT, UTO BEPOATHOCTH Nepean 9HeprHu oT TBep- Pxe. 2. Kuneruueckaa KpuBas 
yoro Tela K ajcopOupoBaHHomy Ha ero MoBepxHo- PaaHomusa Nn tale eee 
CTH BeULeCTBY JIMH€HHO CBA3AHa CO CTeMeHbIO 3a- : 
NOJIHeHHA. 

QhhektT KaTasMTMYeCKOrO DeHCTBUA CYNLECTBEHHO 3aBMCHT OT MpMpOsbl KaTa- 
ausatopa. MutepecHo ConocTaBHTb JaHHble HaCTOAMeH padoTE Cc pesyubTa- 
TaMH paHee IIpOBeMeHHOTO HAMM HCCIeAOBaHHA CHEKTPOB 9.11.p. STHX CHCTeM (°). 
Oxka3biBaeTCA, YTO HavOoJlee AKTHBHbIM ABJIACTCH TOT KaTaJIM3aTop, oOyye- 
Hue KOTOPOrO BMeCTe C aCOPOHPOBaHHbIM yIrvIeBOJOpOsOM He M3MeHHeT Bua 
cneKTpa 9. 1. p. MO CpaBHeHHIO CO CHeKTpoM OOlyyeHHOrO KaTaJIM3aTopa. 
Uem Oovubpiie H3MeHeHHA B cieKTpe 9. m1. p. (IC IV<IJI< Ill), Tem menee ax- 
THBCH KaTaIu3aTOp B pacCCMaTpHBaeMOM 9KCMepHMeHTe (cM. TaOu. 2). Ilpose- | 
JICHHBIMH V3MepeHHAMM 9JICEKTPOMPOBOAHOCTH KaTaH3aTopa yCTaHOBeHa | 
TakK2xKe CHMOaTHOCTb H3MCHCHHM 3JIEKTPOMPOBOAHOCTH H MHTCHCHBHOCTH CHr- 
Hala 9,1. .p. 

Hanmune HesIMHeHHOCTH Ha HavaIbHOM yuacTKe (puc. 2) H CyMlecTBeHHOe 
CHMKeHHe CKOPOCTH palMO3a Ha OOJIYYCHHIX 3apaHee MOBeEPXHOCTAX MOKET 
ObITh CBA3AHO C OOPas0BaHHeM B TBeEPAOM Tee KaKHX-MO0 aKIeMTOpOB (BO3- 
OyxKeHHA wIM 3apsfa). U3 yxe ynoMAHYTbIX SKCMepHMeHTaJIbHbIX JaHHbIX 
MO CM€KTpaM 9. Il. p. H3BeCTHO, 4TO HacbilleHve cOOcTBeHHOrO CHrHaJia KaTa- 


* Bee npHBeyeHuble 3eCb H BbIMe JAaHHbIe NO MpHpocTy AaBJeHHA MOYYeHbI B OMbITAX po- 
NOJUMKUTEMbHOCTbIO | ac, T. e ye 3a MpeselamMu HeHHeHHON OOnacTH. IIpeyBapuTembHoe 06- 
JilyueHHe KaTasM3atopa (I) npoBoyuioch B TeyenHe 0,5 uaca, a KaTasH3atTopa (II) — 1 vac. 
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JIM3aTOpa MPOMCXOLMT pv flo3ax mMeHee6 Mr; u3 aHHbEIx KuTaliropogcKoro (°), 
KOTOPbI€ MOXKHO TpakKTOBaTb aHaJIOrHYHbIM OOpa3om, CueLyeT, YTO 03a Hacbl- 
WWeHHA eeKTOB B MOJICKYJIAPHOM KPpHCTaJe n--uxmopben301a He Govlee 
0,5 Mr. 

SaMeTHM, YTO CKOPOCTb pafHOIH3a Ha MpesBapuTembHO OGyueHHOM (1) 
OcTaeTCA BbIIIIeé CKOPOCTH roMOreHHOrO pafvosu3a, Tora Kak Ha (II) ona cra- 
HOBHTCA MeHbUIe CKOpocTH romoreHHOro paquouu3a. Katanusatop (1) B o6pi4- 
HBIX TEPMOKATAJIMTHYeCKUX PeaKIHAX Nocwe OOJYYeHHA YBeJIMYHBaeT CBOIO 
AKTMBHOCTb (°), a HeKOTOpbIe OKHCIbI (HanpHMep, ZnO) — ymenbmatoT (29,13). 
Ilo-BuAuMoMy, MH AIA palMalMOHHOH 4yBCTBUTebHOCTH KaTasu3aTopa CyMlecT- 
BeHHY1O pOJIb HrpaloT NPHMeCH, KOTOPble B TOH HJIM HHOH (opMe MOFyT 3axBa- 
TbIBATh BOSOyxeHnNe. IIpu y-oOsyseHuH KaTamM3saTOpa eFo SJIeEMeHTHbIM COCTaB 
He MeHseTca. IlostoMy MOxKHO CelaTb OUeHb MPAaBLONOLOOHHIM BbIBOL, UTO 
BePOATHOCTh Nepeauw SHEPrMH OT KaTaIH3aTOpa K alcopOupoBaHHOMY Be- 
I€CTBY 34BUCHT OT KOJIMYeCTBa pHMeceH. Tak Kak yBeJIMueHHE BbIXOJa palHo- 


 iu3a rentana O6YCJIOBJIEHO AONOMHUTCIbHBIM MOPIOULeEHHeEM MM SHEPrHH CBepx 


HeMOCpefMCTBeHHO (KaK Obl TOMOreHHO) MOTOMaeMOl, TO 3TA SHEPruA MO*KeT 


h HOcTyNaTb TOJbKO H3 TBeEpFOro TeJia, MOIOWLeEHHe SHEPrHH U3MYYeHHA B KOTO- 


pOM B yCJOBHAX HallIMX OMbITOB Ha 1Ba-TpH nopALKa Gombe. Ilostomy Heo6- 
XOJMMO TIPe€ANOMOKUTb, YTO BOJIHOBbIC (PYHKIUMU IEKTPOHOB afcopOupoBaHHbIx 
MOJIEKYJI HW pelleTKH alcopOeHTa B HEKOTOPON CTeMeHH MepeKPbIBAIOTCA, H CHJIbI 
CBA3H, yYAepxKHBalolve MOVJICKYVJIbI, XOTA Obl UACTHUHO OGYCOBJeHb! OOMCHHbIM 
B3aHMOJICHCTBHeM., 

Mbt Ha602au TakxKe CHIbHY!IO 3aBHCHMOCTb JO3bI HacbIIleHHA HM (bopMbl 
HavasIbHOrO y4¥aCTKa KHHETHYeCKOH KPpHBOH OT pexKHUMa TPeCHHPOBKH KaTaJN3a- 
TOpa. SaBHCHMOCTh paHallMOHHOM YYBCTBUTeIbHOCTH KaTau3aTOpa OT pexkuUMa 
TPpeCHHPpOBKH HaGOfamacb paHee B paGoTe (°). B 3aBHcuMocTH OT xapakTepa 
TipHMecelt OHH MOFyT KaK YBeJIMUMBATH, TAK HM YMeHbIIaTb paluallMOHHYIO WyB- 


_CTBHTCJIbHOCTbh KaTaJIM3aTOPOB. 


3 


, 
. 


‘ 


SS 


e 


Js OWeHKM BepOATHOCTH Mepelagn 2HeEprHH OT KaTaJM3aTopa K aycopOu- 
POBaHHOMY BelllecTBY BOCTIOIb3yeMcaA CJleLylolleH cbopMaJIbHO-KMHeTHYeCKOli 
cxemoH. ByleM yauTbIBaTb mpotteccnl: 1. Xage ~—> X° (HeMocpescCTBeHHOe Mo- 
ruloleHHe H3JyYeHuA acopOupoBaHHbIM BelllecTBoM); 2. X* — X (mo6bie mpo- 
IeCChI Je3aKTHBAllWH, KpOMe XHMMYeCKOM peakUHH); 3. X* — npomyktTp (xH- 
MUYecKad peakuus); 4. Karasivsarop~— KaTasMsatop’ (normoullenve M3 yueHHsA 


_ KaTamM3aTopom); 5. KaTalHM3aTop — KaTaJM3aTop (100ble Mpolecchl MoTrepH 


MOFJIOWeHHOH SHeprHH, KpoMe MepeayH ascopOupoBaHHoMy  BelllecTBy); 
6. Karamusatop’ + Xage — KaTamMsaTop + Xagc* (Mepeqaya 9oHeprHuH ar- 
copOupoBaHHOMy BelllecTBy). 
CkopocTH 9THX MpolleccoB paBHbl COOTBeTCTBeHHO: 
Wi = kJ0; Wa =k [X*]; Wa = ks (X"]; Wa = als 
Ws = ks [DI] un We=k, ID 18, 


rie [D] — KontlenTpalua 9eMeHTapHbIX BoOsOyxXeHHH B TBepJOM Tedle. 


, 


i k,l ees k,I 
kil 
re R18 ip ke ks = ko 
ee ae 


oTKya 


IIpene6peraa pa3HocTbIO B IHeEplHAX CBASH MOJleKYJI, HAXOMAUIMXCA B 


' o6beMe HM Ha MoBepxHocTH (cM. HMxKe), 3aMHIleM Id CKOpOcTH ToMoreHHOrO 
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pamuouH3a BbIpamkeHve 
k kel 
ee; 1 
Ve= ere 
IIpu § = 1 umeem 


W3/W; =1- 


rie € — OTHOMeHHeE KOJIMYeCCTB MOrJIOULeHHOH SHepruv H3JIYYeHHA B 1 cm® ren- 
TaHa UW KaTaJlM3aTopa. 


B nocnequem ypaBnexuu Ws/W, onpeensorca 9KCIEPUMCHTAJIbHO. Ompe- 
AeleHHe BeJIM4HHbI & MPOWSBOLWJIOCE (pH H3BeCTHOH HHTeHCMBHOCTH) pacueT- 
HBIM IIyTeM C yYeTOM MIVIOTHOCTeli MU SddpeKTHBHBIX ATOMHBIX HOMepoB (110 (7) 
renTaHa uw KaTamusatTopa. k,/kac= 1, nocKouIbKY B OOOMX CAy4YaAxX Hac HHTepe- 
CYIOT TOJIbKO BOSOYXKTCHHA, SHEPrHA KOTOPbIX He MeHbIUe SHEPrHH paspbiBa 
cBa3el. Tora oKa3bIBaeTCA BO3MO%KHbIM OIWCHHTb 3HayeHHe k;/kg U, COOTBET- 
6 


CTBEHHO, BepOATHOCTb IMOJIe3HOro NepepaciipexeseHuA SHepruu Les LAG . 
5 6 


BpruvculeHHble 3HaueHua Z cM. B TaOul. 2. 


TouHoctTh oueHKH BenuuMHE Z 3aBHCHT OT TOUHOCTH onpeneneHua Ws/W, 
KOTOPad SKCIEpHMeHTAaJIbHO CocTaBdeT 5%. 

OTMeTUM 4TO NOs yYeHHble 3HavVeHHA Z HECKOJIbKO 3aBbIIeHbI BCBASH C MaJIOM 
pasHHLeli B SHEPrMAX CBA3H MOJICKYJ, HAXOMAULMXCA B OObeMe HU Ha NOBEpXHO- 
CTH. OjHaKoO TenJIOTLI COPOUNH NapaduHOB Ha STHX KaTaNW3aTopax COCTABIAIOT 
HeOOJbINYIO WOO SHEPFHN CBsA3H; OTMETHTb Kakyl0-1MO0 KOppesALMIO MeX*KLY 
3HAaYeCHHAMH TeMJOT aCOpOWMN HW pajMallMOHHOH AKTHBHOCTbIO HaM He yaJocb. 
IlosTomy MOxHO NOJaraTb, UTO MIpMBeyqeHHaA HAMM OlleHKa BeMUMHbI Z BIOMHE 
lIpHemviema. 

Astopbl npw3HatetbHbE! B. B. Wlexuny u A. JI. Kasauxo 3a BpinomHenve an- 
COpOMMOHHEIX u3sMepeHHii uv IO. JI. Xanty 3a nomesHoe oOcyxKTeHHe, 
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Lornxagn Akafemuu nayr CCCP 
1961. Tom 136, Ne 4 


PHSHYECKAA XHMHA 


JIOY WKH-CAHb, E. M. CABHLKAS u Bb. NN. BPYHC 


O BJIAAHHHW OPFAHHYECKOLO PACTBOPHTEJIA 
HA CBOACTBA KAPBOKCHJIbHOrO KATHOHMTA 


(ITpedcmaeaeno akademuxom B. A. Kapeureim 27 VI 1960) 
| akoHOMepHOCTH HOHHOrO OOMeHA, MPOHCXOAMero Ha pasJIM4UHbIX MOHNTAX, 
\SHAYMTeJIbHO H3MeCHAIOTCA MPH Nepexoye OT BOAHOrO pacTBOpa K CMEIMaHHbIM 
MJIM OpraHwyeckHm cpejaM. 

_ OHM 43 OCHOBHBIX (aKTOPOB, BbI3bIBAIOMLX W3MeHeHHe KMHeTHKU 

M CTaTHKM WOHHOTO OOMeHa, ABJIACTCH H3MeCHeEHHe CBOMCTB CcaMoro HOo- 
‘HUTA IIpH MOrpyxXeHHu ero B TOT HJIH HHOM pacTBOpHTesb. KaTHOHHTbI B BO- 
HOpOAHOK topMe MOx*KHO paccMaTpUBAaTb KaK HepaCTBOPHMble KOHILCHTPHPOBaH- 
HbI€ MOJIMOCHOBHbIC KHCJIOTbI, HAaXOJAULMeCA MOA ONnpeweeHHbIM aBJIeHHeM 
‘HaOyxanua. Ilostomy pa3aM4Hbie pacTBOpHTeIM WIM HX CMeCH JOJDKHBI He- 
W30€%KHO BIHATb Ha CHJIY 9THX CBOeOOPasHbIX KUCJIOT. 

B kayectBe oObeKTa [VIA HCCJIeqOBAaHHA HAMM Obl BLIOpaH NoOsMMepHsa- 
‘IMOHHBIM KaTHOHUT, CosepxKalllvii B CBOeH CTPpyKType TOJIbKO KapOOKCHJIbHbIC 
| HOHOTeHHbIe rpynnbl. BHewiHHM paCTBOPOM CJIyxKHJIM CMeCH BOJa— MeTaHOJI 
‘mlepeMenuHoro cocTaBa. BniOop Takow CHCTeMbI ObII BbISBaH MpaKTHYeCKON 3Ha- 
UMMOCTbIO MCCIELOBaHH NosOOHOrO posa. BodHO-MeTaHOJIbHble PaCTBOPbI KHC- 
JIOT WXKEe Hai NpakTHYeCKOe UCHOML3OBAHHE WIA JOMMM pa CJIOHKHBIX Op- 
TaHWuecKHX HOHOB C KapOOKCHJIbHbIX CMO, IpH4eM B pAe CilyyaeB NoAOop 
ONTMMAJbHBIX YCJOBMH Mpowecca MpousBo_quscA sMnupuyecKHM nytem. Hay- 
“WeHHe YKa3aHHbIX CHCTeM MpesCTaBAAeT CAMOCTOATEMbHbIi TeopeTM4YecKHH MH- 
'Tepec JIA BbINCHeEHHA CXOJCTBA HM pa3sJIMYH Mex*KY BbICOKOMOJIEKYJAPHbIMH 
_KHCJIOTaMH HM OObIMHbIMH MOHOKApOOHOBbIMH KHCJIOTAMH B OJMHAKOBbIX Cpeax. 
_ aa uccnefopaHua xapakTepa 3aBMCHMOCTH CHJIbI STOTO MOHUTA OT COCTaBa 


fo 
| CpebI OblJI MCMOJIb30BaH MeTOJ, MOTCHILMOMETPHYeCKOTO THTPOBAHHA, 


i 
1 


QKCNECPHMECHTAMBHAA YWACTH 


| B KayectTBe o0beKTa HCCIEOBaHHA Ob B3AT KATHOHMT, NOJIYYeHHbIN We0U- 
"HbIM OMBIJIeHHeM ComOJIMMepa MeTHJIMeTaKpHaTa HW AuBuHMIGeH3ONa (JIBB). 
‘TlpeapaputenbHad nosroToBKa CMOVJIbI H MeTObl H3MepeHua pH B BOsHO-Me- 
‘TaHOJIbHBIX Cpekax ObIH MOLpOOHO onMcaHbl B pesbiyulem coooulenun (*). Be- 
_duunny pH B BoXHO-MeTaHOJIbHbIX CMeCAX CTAHapTH30BaIH MO OTHOLMEHHIO 
K OeCKOHEYHO-pasOaBseHHOMy pacTBopy XJIOpHCToro BOOposa B COOTBETCTBYIO- 
“mew cpeze. 

|. Bce fanupie no KoMuecTBY COpOMpOBaHHbIX MOHOB OTHeCeHbI K | Tr cyxon 
“e€MOdbI B BOLOposHo dope. Yerbublli oObem cMouIbI B H-copme B Bose paBeH 
25 mu/T, 

| OkcnepuMeHTasbHble WaHHble OblIM CHATbI C HCIOb30BaHHeM Tpex pa3JIH4- 
bIX M€TOJOB THTpOBaHHA. OAHUM 3 MeTOJOB Obl MeTo, Kyuuua (*), BTOpbiIM — 
eTO, HeMOCpescTBeHHOTO THTPOBaHHA MCXOMHOFO BHELIHeErO pacTBOpa B IIpH- 
YICTBHH HM B OTCYTCTBHe HaBeCKH CMOVJIbI. PesybTaTbI ONpefeseHHA 3aBHCHMO- 
TH EMKOCTH cMOwI oT pH BHelIHero pacTBopa, NOJIyYeHHbIe M0 OOOMM MeTOaM, 
JIMHAKOBbI IIpH sO6OM V3 UCCeLOBaHHbIX COMepxKaHH MeTaHOJIa BO BHELIHEM 


151 


pactBope. KpHBble THTPpOBaHMA KaTHOHUTA B pasHbIX Cpeax MpeCTaBseHbi 
Ha puc. 

“Oo6men H — Me Ha kKapOoKCHJIbHbIX CMOJIaX ABJIAeCTCA MeJJIEHHO HJ yuLMM 
IIpOlWeCCOM B BOLHOM pacTBope. Hamu OblIo MOKa3aHO, YTO 10 Mepe yBe/IHYeHHA 
KOHIUCHTPallMH Me€TaHOJIa BO BHEIMHeEM paCTBOpe CKOPOCTh OOmeHAa Bce OouIbUIe 
Hu Oobue nagaeT (%). 

Jaa yOeavTebHOrO JOKa3saTebCTBa TOTO, 4YTO H3MePeHHbIe BesMUMHbI 
pH paBHopecubl, MbI CHAJIM IA KaxkDON 3 BOLHO-MeTAHOJIbHbIX CMeCeH KPHBbIe 
TUTPOBAHUA, HCXOAA 3 BOMOpOAHOM MH U3 CoMeBOK dopm cmoubI. JA kaxKoro 
BOJHO-M€TAHOJIbHOFO pacTBOpa STH KPUBble ABJIAIOT- 
CA 3ePKaJIbHbIMM OTOOpaxkeHHAMH pyr ~Apyra. 

Tlomumo JByX OMVMCaHHEIX BbILIe MeTOJOB THT- 
pOBaHHA, Mbl paspadoTaIH HOBbIM ObICTpbIH MeTOJ 
NOJYueHHA CepHH KPHBbIX MOTeCHIMOMETPHYeCKOFO 
THTPOBaHHA KapOOKCHJIbHOrO KaTHOHHTA B CMellaH- 
HbIX MH B HeEBOJHBIX pacTBOpHTeAX. JLaHHbI MeTOL 
OCHOBaH Ha OMpefevieHHH paBHOBecHbIxX pH BuHeL- 
Hero pacTBOpa B CHCTeMax, COCTOAMLMX H3 Mmpe- 
BapHTeJIbHO HeHTpaJIH30BaHHbIX B pa3HOH CTeneHH 
KaTHOHHTOB, TIOTPyKeHHbIX 3aTeEM B BOHO-Opra- 
QO. 2 4 6 8 7  HuYeCKHE pacTBOphI c OMpeeseHHOH HOHHOK CHO. 

pH — Buauaule K OMMHAKOBBIM HCXOJHbIM HaBeCKaM CMOVI 

Puc, 1. Kpapnie tutposanua 8 H-dopme joOaBatoT paccunTaHHble KOJIM4eCTBa 
kaTHouTa. Cyicq,= 0,5 N, BOAHOrO OCHOBaHUA, YTOOLI NOJYYNTb pa3s/IMYHbIe 
{—» HO: 23 40% CH;OH: CTeMe€HH 3aMelleHHA HOHOB BOOposa CMOWbI HOHA- 
3—p 60% CHsO0H; 4—s MH Metana. Tlocme okOHYaHHA OOMeHA, KOTOPHIi 
95% CHsOH mpotekaeT B TeyeHHe 1—2 qHeH, yansioT BOL, 
HaXxoOAMlyiocA Hall HaBeCKaMH MOHHTA, HU 3aJ/H- 

BalOT HX ONpeeeHHbIMH OObeMaMH CMellaHHOTO paCTBOpHTeA, comepKa- 
Iero HeHTpaJIbHYIO COJIb B OMpefeyieHHOH KOHWeHTpanun. Onpezesenve pH 
MIpOM3BOAAT HECKOJIbKO pa3 C HHTepBaiOM B | JeHb, UTOObI yOeUTLCA B MOCTO- 
AHCTBE H3MepeHHbIX BeIHUHH. Ilo HalifeHHBIM BesMUnHaM pH M H3BeCTHLIM CTe- 
TeHAM HeHTpaH3alHH KAaTHOHUTa CTPOAT KPHBylO THTpOBaHUA. Bo u36exKaHHe 
cmMeleHua pH nol DeHcTBHeM YIVJICKHCJIOTHI BO3LyXxa CJIeLyeT MPOBOAHTb 9KC- 
Me€pHMeHT B aTmocdepe a30Ta. I]pH ucnowb30BaHH MepBbIX ABYX MeTOJOB pa- 
OoTa Oba TakKxKe NpoBeseHa B YCJIOBHAX OTCYTCTBUA YIVICKHCJOTHI BOSLyxXa. 

Ilepenoca noceqoBaTebHO OMHH HM Te Ke YaCTHYHO HelTpa/M30BaHHbIe 
HaBeCKH KaTHOHHTA H3 CM€CH OAHOFO COCTaBa B CMeCb Apyroro cocTaBa HU U3- 
Mepis paBHOBecHble pH B KaxKJOH CMeCCH, MOXKHO MOJLYYUTb 3a BECbMa KOPOTKHHK 
CpOK MOJIHy10 KapTHHY H3MCHEHHA CBOHCTB KUCJIOTbI — KATHOHHTAa C H3MCHCHHeM 
cocTapa cpefbl. IIpHmeHeHue 9TorO MeTOZa OCOOeHHO temecooOpa3sHO B TeX 
culyyaAx, Kora nponecc oOmMeHa B Cpese MPOHCXOANT OueHb MeqeHHO. Cono- 
CTaBJleHHe JaHHOrO MeTOfa M MeToJa KyHuHa aslo CoBnalawoulve pesy/bTaThl. 


meaxB/e 
10 


Pe3syNbTaTH HCCHeEMOBAHH A 


THMMGHEIM BY, 3aBHCHMOCTH Me@xKy CTeMeHbIO HelTpamH3allMH KaTHOHUTA 
w pH Breurero pactBopa u306paxeH Ha prc. 2. CpaBHuBasd STY KPMBYIO C KpH- 
BOH HeHTpaNM3alHH MOHOKapOOHOBOH KUCJOTHI MpH THTpoBaHHH~ nocseqHen 
B TOH 2Ke Cpesle, MbI HaOOaeM, YTO KPHBaA HeHTpaIH3auHH HOHUTA HET 3Ha- 
YHTeJIbHO Kpyye, YEM COOTBETCTBYIOLLAA KPHBad paCTBOPHMOH MOHOKapOOHOBOH 
KucoTbH. Bonee KpyTOH HakKJIOH KPHBOM TpexmepHoro culaOoro NOJIHM9eKTpo- 
JiMTa BbI3BaH TEM, YTO NO Mepe HeHTpasH3aluH MOHNTA OOpasyrolleecsa OTPUlla- 
TeJIbHOe TOJIE YMeHbINaeT BO3MO2XKHOCTb OTPbIBA MpOTOHaA OT KapOOKCHJIbHOH 
rpymnp. BenesctBue Takoro 9JIeKTpocTaTHYecKOrO BAHAHUA NOAA KpUBaA 
HeHTpaJIM3aHW WMOHNTA CiBYraeTcA B OOMAaCTb Goulee BbICOKHX 3Ha¥eHHH pH 
110 CpaBHeHHIO C KpHBOM MoHOMepa. Uem Bblle cTeneHb HeHTpaIM3alHu KaTH- 
OHTA, TEM OOUIbIe CKa3bIBAeTCH BJIMAHHE BEKTPOCTATHYeCKOrO NOWA. 
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OToT siPekT Bbiparkaercx B mporpeccHBHOM ocwa6meHuH HepacTBOpuMont 
TIOJIMKUCJIOTbI MO Mepe 3aMeIe€HHA BOJOposa B CMOsIe HOHaMH MeTasa. JlanHoe 
ABJICHHE AHAJOTHYHO YMeCHbINCHHIO KOHCTAHT JLMCCOMMAaILMH MHOPOOCHOBHBIX KHC- 
JOT C KaxKAOM MoceLyloujeh cTyneHbio Auccommanun. Tlomo6Hoe makeHHe KOH- 
CTaHTbI OOM€HA MaKPOMOJeKyJI KPeMHEBOM KHCJOTEI TO Mepe 3aMelLeHUA BO- 
Aoposa Ha MeTas Oblio onucaHo H. A. VUs3maituo- 


BbIM (*,°). B paOorax Kayampcxoro u ero coTpyaHu- J 
KOB MO KPHBbIM THTPOBaHHA KapOOKCHJBbHbIX PpacTBO- 1 
PHMbIX MOJIMKHCJIOT HW OYeHb CHJIbHO Ha6yxaronlux 8 


reel paspaOoTana TeopuA 9Toro mponecca (8-8), 
Ojuako pe3ysbTaTbl WaHHEIX paOoT He MOryT OBITS 
HeMOCpeACTBEHHO UCNOJIb3OBaHbI WIA MpesqcKasaHua 7 
NOBEACHUA PeaJIbHbIX KapOOKCHJIbHbIX KATHOHHTOB, 
TIOCKOJIbKy 9Ta TEOPHA Oblwia co3qaHa WIA TAaKMX re- 
J€H, KOTOPble MOXKHO PaCCMaTPHBaTb Kak pa3aB- 
JICHHBIC NOJMIIeCKTPOMTHI. Bce dakTopbl, yuTeH- 
HBIe B TEOPHu, paspaOoTaHHO! JA OUeCHb CHJIbHO 5 
HaOyxalomux rejel, CocTOAMIMX M3 Wenei MeTaKpH- 
AOBOK KUCJIOTHI HM COfep2xauluxX B KayecTBe Kpocc- 
‘areHTa AMBHHMNOeH30/1, OeccnopHo HrpaloT pow 0 Of Oh G6 Us ip 
M Mp THTPpOBaHHH peaJIbHbIX KaPOOKCHJIbHbIX Ka- a—> ; 
THOHUTOB. OjHako nepexoq K OObIMHDIM CMOJIAM pyc. 2. 3apucumocTD pH pac- 
OYCHb YCMORKHACT HHTEPMPeTAaMNloO MpOWecca THTPO-  tsopa oT cTeneHH HelTpasH3a- 
BaHua. Jo HacTOsIlero BpeMeHH BCe MCcCefoBaTe- WAH a; Cy ic; = 0,1 N. 60% 
WIM, padotaiomjve B 9TOH OOacTH, onepupyroT CHsOH: J — qua kaTuounta, 
JMWIb SKCHepHMeHTaJbHbIMA JaHHbIMu (°,1°). A B 2 — aaa CHsCOOH 
KayeCTBe XapaKTepHCTHKH CHJIbl KAaTHOHHTA, Kak 

-KHCJIOTHI, WHPOKO NOJIb3y!IOTCA MOHATHeM cCpefHeli HIM KaxKyULeHCA KOHCTAHTHI 
‘fMccouvalnu MOHNTA. 

Jl1A BbIACHCHUA BIMAHMA Cpelbl Ha CHJIy KapOOKCHJIbHBIX KaTHOHMTOB [MBI 
TOKE PACCUHTHIBAIH CPeMHIOIO UJIM KayKYULYIOCA KOHCTAHTY JMCCOWMALHU CMOVJIbI 
0 BHAO“SMeHeHHOMYy ypaBHeHuto | eH- 
jepcoua’ 


} 


pH ="pK —nlg*—*, 


oO 


2~ YY, 


re pH — BomoposHblit NoKa3aTesb BHeLI- 
Hero pacTBopa, pK — llokasaTewJb cpeqHen 


KOHCTAHTbI JIMCCOUMaNHH KaTHoHUTAa (K), 
a — CTeleHb HeMTpav3alluH MOHUTa, n — 
TMOCTOAHHAA BeJIMUMHA. 


Onpefesmenne pK KaTHOHHTa B BOJHO- 
Me€TaHOJIbDHbIX Cpeax ObilIO NMpoBeseHo B 
(Puc. 3. Pesyasratst TuTpoBanua Katuo- YCOBHAX, KOra €MMHCTBEHHOH nepemeH- 
‘HUTA, BbIPaKeHHbIe MO ypaBHenwio TeH- HOW B CHCTCMAX Oblia KOHILCHTPallHA Me- 
Bepcoua. Cy icy = 0,5 N35 7 —B H2O; Tanona. Ha pwc. 3 n0Ka3aHO, Kak 9Kcme- 
2—p 40% CHsOH; 3— 360% CHsOH; pumenTabuble pesybTaTbI yOB/eTBOpsA- 
4—ps 95% CHsOH IOT IIpHBeeCHHOMY BbIWe ypaBHeHut. [Ipu 
‘ BCeX HCCJI€MOBaHHbIX KOHUCHTpaluAx Me- 
‘TaHOa B paCTBOpax OMbITHbI€ AaHHbIe XOPOIIO YKJabIBAalOTCA B 3TO ypaBHe- 
‘Hue, Benwunna n ofunakoBpa uv paBHa ~1,6 He3aBHCHMO OT KOHILeHTpaluu 
eTaHoa B cucTeme. Uem Bplle cofepxkaHve MeTaHO/la B Cpefe, Tem OovIbue 
emmunHa pk. 

Ilpu KoHMeHTpanuax MeTaHovia B pacTBope, paBHEIx 0; 40; 60 u 95%, coor- 
“BetcTsyiomue pK KaTuonuta pasusl 5, 90; 6,35; 6,75 u 7,85 (npu 0,5 N Kon- 
‘WeHTpawuu xsopuctoro JIMTHA B pacTBope). 

OTM aHHble CBYJeTeMbCTBYIOT O TOM, YTO C YBeJIMYCHHeM KOHILCHTpallHn 
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CupTa CHJla KATHOHMTa — KUCJIOTHI MaaeT, YTO AHAIOFHYHO MaeHHiO KOHCTAHTbI 
JKUCCOIWMALMH MOHOKapOOHOBbIX KHCJIOT B TeX *%Ke cpefax. 

Ha puc. 4 moka3aHo u3MeHeHHe BesH4nH pK KaTHoHUTa HW p K yKcycHol KuC- 
goTpt (1!) B 3aBHCHMOCTH OT AM3/IeEKTpHuecKOH mMocTosAHHOH cpegni— D. IIpu 
YMeHbILeHHH JHIJICKTpH4eCKOH MOCTOAHHOM MpOWCXOAUT yCHJieHve B3auMoseli- 
CTBHA MexKy aHHOHOM KaTHOHHTa H H-npoTHBOHOHOM, 4TO BuleyeT 3a COOOK 


WaqeHHe KOHCTAHTbI AMCCOMMAWHH WMOHHTA. pK 


8 CMOJIbI 3ABHCHT JMHeHHO oT 1/D pacTBopa, T. e. 

7 I JIS CMOJIbl HaOOaeTcA H3MeHeHHe pK, Haxo- | 
: ysauleecA B COoriacHH C BbIBO,aMH H3 TeOpHu 
ewe 5 Bpeucteya (). Taka 3aBHCHMOCTb yKa3bIBaeT 


Ha TO, 4TO B HCCeOBaHHbIX Mpekelax KOH- 

WeHTpaluit MeTaHOa HE MpOWCXOAuT W3MeHe- 

HMA OCHOBHOCTH paCcTBOpHTeiA, Haxo_Auleroca 

07 002 003 B (pase cmovbl. BnowHe BepOATHO, YTO TaxKe IpH 

40 — 95% KOHIeHTpallHH CIIMpTa B pacTBope HaGJIO- 

Puc. 4. 3apucumocts pK -katuo- MaeTCA NpeHMyUlecTBeHHaA COpOWMA BOXbI CMO-- 
auta — J u pK CHsCOOH —2or on. 

WD; Cyicy = 0,1 N Ilo Mepe yBeH4eHUA HOHHOW CHIbI BHEUTHErO 


BOJHO-MeTaHOJIbHOrO pacTBopa BemHuHHA pK Ka- 
THouHuTa nagqaer. Ecau B OTCYTCTBHeE HeHTpasbHOrO 9JIEKTPOJIMTa Ona paBHa 
8,70, to Bs 0,1 N pactBope xJopucToro AMTHA OHA CTaHOBHTCA paBHOH 
7,60, a upu 0,5 N konuweHTpauHH CoM OHa yMeHbUaeTcA Jo 6,75 (KOH- 
WeHTpauua meTaHoma 60%). Ilaqenue pK HOHUTa OObACHAeTCA JKPAHUpOBa- 


HHeM OTPHLaTebHOTO MOJIA B CMOJIe 3a C¥UeT BOSPAaCcTaloMero KOJIMYECTBA Hel- 
TpaJIbHOTO 3/eKTpomuTa B cMome (addext JLonHana). 


s 
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Jloxnaypn Akagemuu Hayrk CCCP 
1961. Tom 136, Ni 4 


PH3HTECKAA XHMHA 


P. E. MAPJAJIEMUIBHJIM, A. fr. MOMOB, B. B. HAKHIUA u ®. C. AKYUIMH 


O ABYX THNAX IJIEMEHTAPHBIX PEAKILMH 
MPH KATAJIMTHYECKOM FHAPHPOBAHHH OJIE®HHOB 


(ITpedcmaeaeno akademuxom H. H. Cemenoeoim 14 VII 1960) 


Heckoubko sieT TOMy Ha3aq H. H. Cemenosnm, B. B. Boesosckum u 
©. ©. BompKenuitetiHom (1) Obiin BbICKa3aHbI IpedcTaBJIeHHA O HasM4YHM CBO- 
SOUHBIX BaJICHTHOCTeH Ha TBEPAbIX MOBEPXHOCTHX H O BO3MO2KHOCTH OOpa3o- 
BaHHA Tp alCcOpOWHH pa3/IH4HbIX BeleCTB Ha HUX TaK HaSbIBaeMbIX MOBepXHO- 
2THBIX pagwuKasoB. IIpuH yaacTHH 9THX MOBepXHOCTHBIX palMKaJIOB, 10 MHeHHIO 
AaBTOPOB, OCYIIECTBIAe€TCA PA TeTepOreHHbIX KATANHTMYeCKUX Mpoweccos. AB- 
TOpbl CUHTAIOT, B YACTHOCTH, 4TO MPH alcopOuuu MH B xose THApHpoBaHUA oue- 
PHHOB HA MOBeEPXHOCTH KaTasM3aTOpa OOpasyloTCH paluKaJbl JBYX THMOB, 
adanpuMep B Cilyyae 3THIeHa 


CoH ++ 2k = CHs — CH: + K = CHe — CHa, (1) 
| | | 
K K K 
(a) 
CHz — CHe ++ H = CH2 — CH3 2 CH2 — CHs (2) 
| e | es 
Kk K K K 
(6) (6) 


paluKasbi (a), CBH3aHHbIe C KaTaIH3aTOPOM ABYX3I/JICKTPOHHOM CBHA3bIO H (6)— 
OAHOIJIEKTPOHHOU CBA3bI0. PeakitHA peKOMOMHALLMH MOCJIEMHUX C ATOMAMH BOJO- 
pola NpuBOAUT K OOpas0BaHHIO KOHeEYHOTO MpOAYKTAa, B WaHHOM Cy4ae 3TaHa 


CHe — CHs + H — CoHe + 2k. (3) 
K j K 


Xumuyeckue ypaBHeHua (1) — (3) B CHMBOJIaX PaCCMaTPHBaeMbIX paju- 
KaJIbHbIX MpeMCTaBJIeHH BbIParKaloT OOMLENPHHATYIO CXeCMY Me€XaHH3Ma KaTa- 
MHTMYeCKOrO THApHpoBaHHA ovecdHHoB (7). CulekyeT OTMeTHTb, 4TO eCJIM MpH- 
HATb IIpeCTaBJIGHHA O PeaNbHOCTH MOBeEPXHOCTHHIX paHKaJIOB, TO CJle,yer 
OKULATb, YTO MPH KaTAMIMTHYeCKOM THAPHpOBaHHU OJIeEPMHOB, HapAy Cc mpo- 
weccaMH peKomOuHarHanu (2) — (3), B ONpeevIeHHbIX YCJIOBHAX JOJDKHbI MMeTb 
MecTO TaKxKe MU peakILHH JMCMpOnopuvOHMpoBaHHA THM: 


CH — CH2 + CHe — CHe -> CH: — CHs + CH = CHz, (4) 
: : : : 
CH2 —'CHs ++ CH2 — CH3 > CHz — CH2 + CeHe + x, (5) 
: : : 
CH, — CHs + CHs — CH» > CH = CH2 + CaHe + (6) 
: : : 


2 nepexoZom aToMa Bofoposa OT OAHOrO NOBepXHOCTHOrO paluKala K Apyromy 
10 MeXaHH3My, H3BECTHOMY JIA TOMOFeHHEIX CBOOOJHEIX pawuKasos (°). 
AnaJOrM4uHble MmpeqcTaBseHHA 06 3JIeMeHTapHOM aKTe AMCIponoOpLMOHUpo- 
3aHHA TaK Ha3bIBAeMBIX «NOJIyYTHAPMpOBaHHbIX KOMIVIeKCOB» (*) BbICKa3bIBAJIHCb 
9A10M aBTopos (°) pH OObACHEHHH OMPITHDIX AaHHbIX NO pacmpesesenHio Jeit- 
TepHA B MpO§ykTaX KaTaMTMYeCKOrO THApPHpOBaHHA ovlepHHOB AeliTepHem. 
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Tlockoubky, OHakO, TpaKTOBKa 9THX JaHHbIX, NO MHeHHIO ApyrHxX aBTOpOB 
2.4 °6)| moxkKeT ObITb MpOH3BeLeHa Takx%Ke HM Oe3 MPHBJeYeHHA NpescTaBeHus 
0 J{MCNPONOPUMOHHpOBaHHH «NOJIYTHAPMPOBaHHbIX KOMIIJI€KTOB», TO BOMpoc 
Q peaIbHOCTH 9TOrO Mpowecca OCTaeTCA OTKPBbITHIM. 

YctTaHoBenne Joueli mpoweccos pekomOuHauun (2) — (3) u WucnponoprHo- 
HupoBanusa (4) —(6) B xoZe rHApHpOBaHHA Oe@UuHOB OObIHBIMM cnocoOaMH 
IpelcTaBAeT H3BECTHLI€ TPYAHOCTH, NMOCKOJbKy 06a OHM NpHBOLAT K OOpaso- 
BaHHIO OLHOFO M TOO %Ke KOHEYHOrO MposyKTa. Mexpy TeM OYeBHAHO, YTO COOT- 
HOWI€HHe CKOPOCTeli 3THX MPOUeCCOB OJMKHO OMpPeMeATbCA COOTHOLNEHHEM 
KOHUEHTpallu pakNKaJIOB H aTOMOB BOAOpoa Ha NOBepXHOCTH KaTamH3aTopa. 
UmeuHo 3TO OOCTOATEIbCTBO WH HCMOJIb30BaHO HAMH B HaCToAUeH padoTe, mpo- 
BEJCHHOM C I[eJIbIO SKCINe€PHMEHTAIbHOH NpOBePpKH MpeCTaBeHHA O NMOBepx- 
HOCTHBIX pafWKaslax, CJI€CTBHEM KOTOPOTO ABJACTCA BbIBOJ, O BO3SMO2KHOCTH 
CyWleCTBOBaHNA TMpolleccoB AuciponopuvonNpoBanna Tuna (4)— (6). Hamu 
U3yYeHO THAPHpOBaHve sTHJeHAa, IpomusieHa MW UX CMeceH MPH pas/IMUHEIX 1aB- 
JIGHHAX BOMOpoda UH TemmepatTypax. Ecsu cnpaBeyzMBo mpesnomomwenue oO pe- 
aJIbHOCTH MIOBEPpXHOCTHBIX PaJMKaJIOB H MX JMCMPpONOPUMOHMpOBaHHH, TO NpH 
rHpHpOBaHHU cmeceli JByX OJIe*PHHOB, HalpuMep STHeHAa H NponMsena, LOMA*K-' 
Ha MOABHTbCA HOBaH peaKkIWA, He MMelOlWad MeCTa IPH THApHpoBaHHH Kaxk- 
oro U3 oecbvHOB B OTAebHOCTH. Tako peakiuHel MoxKeT ObITb AMCNpoMop- 
IIHOHHpOBaHHe ABYX pauKaJIOB, OOpa30BaHHbIX U3 pa3JIMYHbIX OJIe*HHOB, Ha- 
mpumep | 


CH; — CH — CHe + CH Che | CHa Ci Cre eH SC (7) 
| | 
K K Kk 


K 


ipH TOM MOMKHO OMKMaTb, 4TO, B CHY pasuH4HOK aKTHBHOcTH C3 u C2 pasn- 
KaJIOB, Tlepeflaya aTomMa BOfopoya OyeT UMeTb MeCTO IIPCHMYLILeECTBEHHO OT 
payukaa OMHOrO CTpOeHHA K Apyromy, HM, B 4YaCTHOCTH, lO aHasioruu C TOMO- 
TeHHBIMH STHJIbHBIMH WM MPOMWIbHbIMH paMKaslaMu, OT ajcopOupoBaHHoro 
mponwieHa K aflcopOupoBaHHomy 9TMJIeHy (peakiMa (7)). SOTO COcTOATebCTB 
OJ2KHO TpHBOLMTb K TOMY, U4TO BeJIMYHHbI OTHOWECHHA HauaJIbHbIX CKOpocTeH 
ws2/wes THIPHpOBaHUA TIpoMmMeHa HM 9THJIeHa B MX CMeCH OyAYyT MeHbile 3Ha 
YeHHA OTHOWICHHA HayaJIbHbIX CKOpOCTeH we/W@2, HaMJeHHbIX pH rH pupoBa- 
HWM KaxkKoro 3 9THX OVe*PHMHOB B OTJeNbHOCTH. STO pa3iMuve B OTHOWIeEHHH 
CKopocteH wi'se/wW@esH ws/we C YBEMYCHHeEM aBsIEHHA BOMOposa MOsMKHO crua- 
*KUMBATLCA, TAK KaK B STUX YCJOBHAX MpeoONaLaiwowluMU JOJKHbI CTATb Mpouec 
Chl PEKOMOMHALMU COOTBETCTBYIOUIMX NOBCPXHOCTHBIX palHKaJOB C ATOMaMM BO 
opofa. CooTHOWeHHe Ke CKOPOCTeH MpOWeccoB peKOMOMHAMHH He LOKHO 3aBu 
CeTb OT TOO, THAPHpyeTcsA JIM KaxKIbIH OeEPUH B OTJCbHOCTH WJM B CMeCH py 
C Apyrom (pu ycloBuM OLMHAKOBOH alcopOunH STUX Oec:PHHOB B U3O6bITKe BOLO: 
pojla 06a OTHOWICHHA JOJKHDI ObITh paBHbl). 

Anajornunad KapTHHa JOJOKHa HMeTb MeCTO JIA TemilepaTypHon 3aBHCHMO 
CTH OTHOW€HHA CKOpOocTeH OOpas0BaHHA Mponaha MW 9TaHa Mp rus pHpoBaHH 
COOTBETCTBYIONIMX OJIeE(PHHOB B OTJe/IbHOCTH M MX cmeceH. HanOonbuiaa pas 
Hla B OTHOIMCHYAX Ws2/W23 M Ws/W2 MOJXKHA MMeTb MeCTO IPH HH3KHX TeMme- 
paTypax, Np KOTOPbIX KOHILeHTpallMA Oe*MHA Ha MOBepXHOCTH, HU, CweOBa- 
TEJIbHO, JOA Mpollecca JUCNpONOpUMOHNpOBaHuA 3HAadHTeIbHbI. C yBeM4eHHe 
TemliepaTypbl, OCOOeHHO JO TemilepaTypbl COOTBETCTBYIOMLeH MAaKCHMyMy CKOpO 
CTH THApHpOBaHHsA UM BbILe, KOHIMEHTpaluA OeduHa BCeACTBHe JecopOunH 10 
HH3HTCA HACTOJIbKO, YTO MpoleccaMH JMCIpOnOpUMOHHpOBaHHA MOXKHO pe 
HeOpeub MO CpaBHeHMIO C HX peKOMOMHaLMeli c aToMamu Bosoposa. TlosTom 
C pocToM TemNepaTypbl 3HaYeHHA W3,/W 3 HW,/W, OYAYT COMMKATHCH, a MOCKOJIb 
Ky MIpH 9TOM YMeHbIlaeTCA pasHhlla B aCopOUNAX 9THIeHA HM Mponusnena, TO 9T 
AOJ2KHO MPHBOANTb K COBMAaeHMIO 3HAYeHHH YKa3aHHbIX OTHOWeHHH CKOpoctTeli 

B watiei paOote oMbitbl NO yCTaHOBJeHMIO TpeACKasaHHbIX 3aKOHOMepHO 
CT€H MPOBOAHJINCb Ha BaKYYMHOM ycTaHOBKe MpH WHpKyJAWMM pearHpyroulyy 
Pa30B Yepe3 PeaKTOp C KaTaJIM3aTOPOM, B KaYeCTBE KOTOPOTO HCHOMb30BaNaCh Ma 
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THHOBas MpoBosiouka (d = 0,1 mm, J = 150 mM), HakamuBaemaa QJIeKTp H4e- 
eKuM TOKOM. 3a XOJOM peaKIMH CleqMIM KaK MaHOMeTpHyuecKH, HO H3MeHeHHO 
jaBleiwA B CHCTeMe, TaK H MyTeM MaCC-CleKTpoMeTpHyeckoro aHasu3a pod, 
OTOOPAHHBIX Ha pa3JIMUHBIX PiyOuHax mpeBpamleHuad. Peakiua npoBosusach 
| npu (aBIeHHAX oO 525 MM pT. CT., COOTHOMICHHAX KOMIOHEHTOB OvIe*HH : BOJO- 
poxoT L: 1 go 1: 20, B unTepBane temnepatyp 0—280° u np maKkcumanbHoii 
| akMBHOCTH KaTaJIM3aTopa, KOTOpas AOcTHraacb MporpeBoM MaTHHOBOH mMpoBo- 
JOKM B KHCJopose HW 3aTeMB BOJOpogze mpH 300° no 30 MuH. nepex KaxkAbIM 
| obIToM. Jina NpeloTBpamleHuA OTPaBMeHHA KaTaMMsaTOpa B XoOse OMNBITA 
ppaMu pTyTH HM CMa3KM WMpKysMpyrouime rasbl LO HM noce peakTopa NpoxosMH 
| 2pe3 JIOBYWIKy, OXxJaxKaemyio Jo —70°. Peaktop orsemaica oT ocTabHOli 
| (CTAHOBKM MeTAaJJIMYeCKHMU KpaHaMH HM MexKAY OMbITaMA OTKAYMBasICA JO LaB- 
neuua 10° mM prt. cr. 
a | TaOnmuna 1 


| 
Hz | CH, C;H, We Ws 7a Wos W39 
INoNe | | Ws Ws2 Woes Ws2 2w 
STIbITOB oF am : ae ere 
MM Ppt. cT. MM pT. cT./MHH. we i, See 2 me Bet es 
40 25 25 0,45 \ 
26 25 25 6,66 1,46 | 0,32 | 0,99 | 0,22 | 4,06 
1c 125] 25 25 0,59] 0,445 | 0,445 | J 
4 50} 25 0,95 1 
7 50 25 0,95 1,00 | 0,55 | 0,68 | 0,375 | 4,05 
AoC lsbOmle? 25 25 1,00] 0,645 | 0,355 | $ 
19 |400] 25 1,87 1 
22. 400 25 1,45 Oy. 275s bia Oe 85a cls Bel WAS, 1A. Od 
20-¢ 400] 25 25 1,65] 14,00 | 0,65 | f 
34 1150) 25 2,85 | 
30/450 25 1,62 | 0,568 | 0,66 | 0,44 | 0,52 | 0,94 
14 [450] 25 25 2,101 4,26 | 0,84 
48  |200| 25 3,75 \ 
23 (200 25 1,90 | < 0,508 
200 |. 25 25 | | 
15 (2501 25 3,90 | | 
32 {250 25 1,90 0,487 | 0,73 | 0,423 | 0,63" } 90,98 
9e |250| 25 25 2,85] 1,65 | 4,20 
43 350} 25 2,80 | / 
46 1350 25 1,35 0,482 | 0,72 | 0,415 | 0,647 |. 0,96 
45 ¢ |350| 25 25 2,00/ 1,46 | 0,835 | J 
37 [500 | 25 1,06 
39 [500 25 0,56 L 0,474 | 0.99 eC ke | ORG A Be 
40 |500 | 25 25 0,84] 0,484 | 0,356 | J 


- Bta6n. | npupeyeHbt 3HaveHHA HauaJIbHbIX CKOpOCTeH OOpa3s0BaHUA 9TAaHa 
WH Wpomaka Ws; Ip rHpHpoBaHuA KaxKAOFO U3 COOTBETCTBYIOMIUX Ose*puHOB, 
a TAKKe 9TAHA Wo3 HW NpOMNaba Ws, PH PHAPMpPOBaHHH CMeCH STHIeHAa HM Mpomnsmena 
Ip pa3smM4HbIx aBeHHAX BOJOposa. OTHOMIeHHe CKOPOCTH Ww ruypupoBaHAsA 
CMeCH STHJeHa HM Mponnsena K cpeHeli CKOPOCTH HIpHPOBaHNA KaKoro U3 Oue- 
(HHOB B OTAENbHOCTH OH3KO K CAHHULE, UTO MOXKET CYKUTh XapakTepvcTuKon 
BOCIpOH3BOLUMOrO JeHCTBUA KaTasIMsaTopa. 

PaccmaTpHBasd 3HaveHve w,/W, IPH pasHbIX JaBJIEHHAX BOJOposa B CHCTeMe 
(puc. 1), MOxKHO BHJeTH, YTO OHO BHAUAe Pe3KO MafaeT, a 3aTeM JOCTHTaeT Mpe- 
IesbHOrO 3HaueHHA. Takoe u3MeHeHHe OTHOUMIeCHHA Ws3/wW2 OOycOBNIeHO Gonee 
BLICOKUM MOPAAKOM M0 BOLOpoLy AA THApHpoOBaHHA STUIeHa (W2~pyH,) 0 
2paBHeHHIO C NponWieHoM (w3~V pu,), YTO HAXOAUTCA B COOTBETCTBHH C JINTe- 
paTypHbIMH JaHHbIMH. OLHaKO Ip THA PHPOBaHUM CMeCH STHX OeEPHHOB C yBe- 
MMYeHHeM aBeHUA Booposa HaOmMOMaeTcA OOpaTHAA 3aBMCHMOCTb, a HMCHHO 
POCT OTHOMIEHHA Wss/Wo5 MO OMpeeseHHOrO 3HAYeHHA, YTO HAXOMUTCA B COOT- 
BeETCTBHH C OK MLAeMOli HAMM KapTHHOH. EciM9TH aHHble MpeACTaBUTb B KOOpAE- 
HATAX Wo3/W. HW W39/W3 B3ABHCMMOCTH OT pu,, TO Mp yCIOBMM OLMHAKOBOM alcopo- 
HUM STHIeHa M NponMiena 06a 3Ha4eHHA JOJKHbI CTpeMUTECA K 0,5, MOCKObKY 
B STOM CJIy4¥ae MOXKHO CUUTATh, TO KaxK Illi U3 OePMHOB ruApMpyetcsA Ha Mo0- 
BHHe MOWagqu MpucyTcTByloulero B CHCTeMe KaTaM3aTopa, Tora Kak TIpH ruy- 
POBaHHH MHIMBUAyabHbIX Oe:pHHOB yuacTByeT BCH NOBepXHOCTb. OnmpiTHpie 
AYCHUA Wo3/W. U W2/W3C POCTOM aBJIEHUA BOMOpOa CTpeMATCH COOTBETCTBEH HO 
«0,43 u 0,63, uTo o6ycmoBeHO, M0-BAJMMOMY, B OCHOBHOM OouIbilleH agcop Omen 


flponmnena 10 CpaBHeHHIO C STYJICHOM. 


i 
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Ha puc. 2 npeycTaBseHbl ONbITHbIe LaHHble, MO/YYeHHbIe Np UsyYeHHH temmep a-| 
TYPHOH 3ABMCUMOCTH W;/Wy VU Wyo/Wog. KpuBan 1, CooTBeTcTByioulad Cy Yao rHj-| 
pHpOBAaHHA MHAMBUYaIbHbIX NpOMMeHa H sTHeHa Ha Pt, NOATBEPAK AT TeM- 
flepaTypHbiii XO OTHOMIEHHA CKOpOCTei THAPHPOBaHHA STHX ONe*HHOB, HdieH- 
ubiit TouaMa Jit HUKeweBoro KaTamM3aTopa (‘). KpuBad 2 BbipaxkaeT Temjepa-| 
TYPHYIO 34BUCHMOCTL OTHOMEHHA CKOpOCcTeH THAPHPOBaHA MponMsena M gTH- 


15 


ve 

| 0 Puc. 1. OrxomieHHe cKopoctert o6pason\ 
ed HHA Mpolaha WH 9TaHa B 3aBHCHMOCTH 0} 
N JaBJIeHHA BOLOposza Mp TrHApHpowa 
S HHH. O6o3HaveHHA 3ecb H Ha pHe. 2] 
S 1 — (W3/W2)— MAAMBUAyaNbHBIX CsHe 
© a5 CoHa; 2 —(Ws32/W23)— HX 9KBHBAJICHTHOM 
S emecu; 3 — (2w/W. + ws)— KpuBaav, xa 
8 pakTepH3ytomlaar BOCIIPOH3BOJ,MMOCTE 
& OMbITHBIX JAHHbIX 


100 200 J00 400 mm 


jeHa B Ux cmech. V3 conocTaBieHua KpHuBbIxX / HW 2 BUAHO, 4TO B 
CMecH HCCJIelyeMbIX HAMM OJIePHHOB OTHOCHTebHAaA CKOPOCTb TrHApvpoBaHHs) 


J€BOLOPOLOB B OTJIbHOCTH. 

TakuM o6pa30M, OTHOUIeHHA Ha- 
YaJIbHbIX CKOpocTelt OOpa3s0BaHHA IIpo- 
TlaHa HW 9TaHa MIpH THApHpoBaHHU co- 
OTBETCTBYIOUMX OJIePHHOB M UX CMecer 
MlOMHOCTHIO MOATBEPAXKLaroT MpescKaszaH- 
Hble HAMM 3aBMCHMOCTH 93THX BeHUHH 
OT TeMMepaTypbl MH LaBeHHA BOLoposa. 
Tlostomy 9TH pe3yJIbTaTbl MOXKHO pac- 
CMaTpHBaTb Kak TOJTBepxKeHve mpa- 
BHJIbHOCTH 3aKJIO“eCHHA O JBYX THMAaXx 
QIeMCHTapHbIX AKTOB — peKoMOMHAaIlHH 
M JMCHPONOpUMOHHpOBaHuA Npomexy- 
TOUHBIX JIAOWJIbHbIX NpOLyKTOB, OOpa- 
3YIOMMXCA B XOe rMJpHpoBaHUsA ose- 
(pHHOB. BmectTe c TeM 9TH JaHHbIe MO- 
ryT CJY2KHTb JOBOJOM B MOb3y CyLecT- 
BOBaHHA MOBepXHOCTHBIX payquKaJoB. 


Mockosckuit TocyLapcTBeHHbIii yHHBepcuTeT Tlocrynusio 
um. M. B. Jlomonocopa 7 VU 1960 | 
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Horuange Akayemun nayx CCCP 
1961. Tom 136, Ne 1 


PHUPOJOTHA 


A. Jl. CABAPEHCKHH 


WEMHOW PACYET O)KUAEMDbIX BEJIM4WH CTOKA, MOTEPb 
MW 3ANACOB BOJIbI C OMPEAEJIEHKHEM UX BEPOSTHOCTEM 


(IIpedcmaeaexo axademuxom IT. 1. Kouunott 13 V 1960) 


B mpakTukKe pacueToB fepeMelleHHli MOBepXHOCTHbIX H TpPYHTOBbIX BOJL 
BCTpeyaloTcd Cyuan, Kora 3apanee TpyQHO 3aaTLCA OHUM FpatbuKoM xojla 
MeTeEOpONOrMyeCKUX YCJIOBHH H OJHOM O*KNaeMOH BeNMGMHO 3amaca BOMB Ha 
TeppHTOpHM K HaYaJly NepHowa skcnyataunu. Ilpu sTOM, OMHAKO, BO3MOXKHO 
OWeCHUTb XOTA Obl NpHOIMxKeHHO BepoxATHOCTH UX. B sTHX CyYaAX MOXKHO Mepe- 
XOMMTb K BeEPpOATHOCTHOMY pacueTy BOAHOFO pexKHMa, KOTOPbIM, B OTHE OT 
mpoctoro, aeT Avid KaxwkKoro oTpeska BpeMeHH He MPOCTO BeJIMYHHbI CTOKA, 
3amacOB BOJbI M NOTepb, a O*KUaemble HX BeJIMUMHbI C yKa3aHHeM BepOATHOCTU 
BOSMOXKHBIX OTKJIOHCHHH. 

JIA BHINOMHEHHA BEPpOATHOCTHOrO pacueTa BOAHOPO pe2xKHMAa JOJOKHbI HMETb- 
cA cJleqyioue JaHHble: 1) onucanue paccmaTpuBaemoro GacceliHa WIM Tep- 
PUTOPHM M CxeMa pa3yeneHHA HX Ha OalaHcoBble y4acTKH; 2) MeTeoposoruye- 
CKHe JIAaHHbIe B paspese paCueTHbIX OTPE3KOB BpeMeHH, IpecTaBJeHHbIe B Popme 
TaOMUI, NOBTOpAemocTH; 3) pacueTHble (OpMYVIbI, TaOJHUbI WI Tpapuku Aisa 
BHIUMCJICHHA MepeMeLeHHH BOJbI B Mpeseswax OTAebHbIX OaslaHCOBbIX YUACTKOB 
3a OTJeNbHbIe pacueTHble OTpesKH BpemeHH. JlaHHble pexKMMHBIX HaOMOTeHHH 
Hajl CTOKOM HWJIM YpOBHAMM, XOTH Obl 34 KOPOTKOe BPeMA, *KeMATeMbHbI NA 
“BO8MOXKHOCTH KOHTPOUJIA pacueta. 

Bos3MOKHbIe NOCTYMIeCHHA BOJbI, CTOK HM 3aracbl BOJbI HA BOLOCOoOpe HIM Tep- 
puTopHu OObeKTA KOUeOMOTCA OT HAMHH3IIMX B MA@JIOBOLHbIe WI 3aCylWIMBble 
nepHofbl 10 HaMBbICLUMX B MHOFOBOJHbIe WIM BaKHbIe NepHosb. Jia kawkoro 
oTpe3Ka BpeMeHH HU OamaHCOBOrO yuacTKa BO3MOXKHO BoOOOUe SecuNcIeHHOe KOIH- 
YeCTBO Pa3HbIX BOSMOMKHbIX BeIMYHH MOCTYMWICHHH, CTOKa, HAauaJIbHbIX H KO- 
HeYHbIX 3amacoB M UX coueTaHuH. J]A coKpalleHHA paOoTbl BCe BO3MOKHBIe 
BEJIMYMHbI MOCTYMICHHH, CTOKA M 3alacoB BOJbI JeATCH HA HECKOJbKO HHTepBa- 
JOB WIM «rpynm» (?). BuyTpH Takux py Bce BeJIMYMHbI NPHHAMAIOTCA [vA pac- 
‘yeTa paBHbIMU CpesqHeMy B HHTepBavie rpyiinbl Hx 3Hayennio. IlocneqHun B Layb- 
HeliieM OyleM Ha3bIBaTb PaCYeTHbIM MOCTYIMJeHveM S}, PaCueTHbIM MpHTOKOM 
¢ Bbiue pactooxweHHoro yuactka M | H pacueTHBIM 3amacoM B Havase OTpesKa 
BpeMeHH Vt. 

PacueTHad BeIMYMHA JOMKHA, MO BOSMOXKHOCTH, HMeTb Takoe 3HayeHHe, 
YTOOLI BUIMAHHe 3aMeHbI C10 BCei COBOKYMHOCTH BeJIMUHH, BXOJAMMX B Ipynily, 
Ha pe3yJIbTaTbI pacueta Oblvio HauMeHbINM. B nepBoM MmpHOMxKeHUH 3a pacueT- 
HYIO BeJIMYHHY MOMKHO IIPHHHMAaTb CpeHIOIO B MHTepBaie Tpynmbl BewMYHHY 
NMOcTyMieHHA, MpvTOKa WIM 3amaca BOI. 
 Uem Ooubme uvc0 HHTepBaNOB-rpyln, TeM HesHauHTebHee OyjleT Morpelll- 
HOCTb OT 34MeHbI UX pacueTHBIMH 3HayeHuAMH. IIpakTu4ecKH JoCTaTOUHO BbI/e- 
JMTb He Gonee 3 — 5 rpynn BemM4HH NocTyMeHHH, NpHTOKoB, 3anacos. B Tex 
yuaax, Kora, HalpHMep, BeJHUHHDI MOCTYMeHHH HIM BeIMYHHbI NpHToKa 
|| BOJbI WIM 3anmacoB BOJbI OTHOCHTEIbHO MaJIbI, BbIeeHHe TpyiM HX BOOOLLe MO- 
KeT He MOTpeOoBaTLCA, WH Tora BeCb pacueT yIpoulaercs. 


Pacuerbl repeMelleHHH BOJlbl BHYTpH OaJlaHCOBbIX Yy4aCTKOB B TeyeHHe 
pacUeTHBIX OTpe3KOB BPCMCHH MO2KHO BbITNOJIHATH MO Pas HUHbIM CyUleCTBYIOUIHM 
cbopMyiam M MeTowaM, Kak, Hanpumep, ("). B ra6a. 1 nokasan mpumep pacuera 
flO MeTOLy THMOBHIX paciipezetenuli (*). B srom pacuete BeMuNHbI croKa Ma, 


Ta6Oauna 1 


PacueT nepeMeMleHHH BOJbI WWIX pasHbIX BapHaHTOB Ce€30HHbIX yCJIOBHH 
(maii, 10-cyrounne orpesku sBpemenu), V? = 30 um, M)= 30 MM 


ArmocdepHoe nmutanHue, Sy CooTBeTcTBYIOULHe NMepemMelleHHA BOR, Z 4 
ebacheaen. | BeDO- | pac- | pacnpenensem. cTOK moTepu KoHeuHBIK 3amac 
nocts, | #t | rpym= | ser. | cymma W = Mel 1 12 [75% POR ee 
oTen! ,| HOcTb, | Ma S’, 5 5 0 ° = 2= a i 
a on vt (S1) =) MM isis MM Bashy il ats KM Ky: Ks Ko K i ae 
SS 2 MM MM MM ‘ | 
O0—10 10 >150 | 170 230 0,50 | 145 0710 De 0,40 92 ) 
10—25 15 |30—150} 4100 160 0,40 64 0,12 Ag 0,48 75 | 
25—75 50 |40—30 |. 20 80 0,30 24 0,15 12 poe 44 
75—100 | 25 =<) 5 65 10,25 16 Pela 14 0,58 38 


norepb Sz H KOHeUHbIX 3anacoB Bob! V2 BbIGHCJIAIOTCA MO dopMyJiaM: 
Mz =KyW, Sz =KsW, V2 = KyW, rae Ks, Km, Ky — koadbcdunentsi 
pacipeqevieHHA BObI, OMpesesseMble Mo cipaBounolH TaOmMue, a W — pac- 
nmpeneiseman cymMa (W =Vi + Si + Mi). 

Ha ocHopaHHu TaOHUbI THIa TAO. 1 MO%KHO NocTpOuTb rpaduKk AA onpe- 
jleleHUA yCOBHbIX BepoaTHocTel. Ha puc. 1 ya Kaxporo coueranusa V] u My 
HaHOCAT KpuBble croKa M2, noTrepb S2 MW KOHe4HBIX 3anacoB V2, OTKaIbIBad HX 
3HaYCHHA B TOpAKe UX BO3PaCTaHHA, CIBHraAch IIpH HaHeCeHHH Kako CJle- | 


ayloulei TOUKH MO OCH aOcucc Ha COOTBeTCTBYIONLyIO UM BemMuHHy (SJ). 


fipu ,=30mM 


Benuyuna cmora, nomeps u sanacob bodes 


Puc. 1, Bcnomoratejbublit rpadpuk 1A opexedeHHA yCJIOBHOM BeposTHOCTH 
3a],aHHEIX HHTepBaJIOB CTOKA, WOTepb H s3allacoB Bomb. / —V$ = 150 mm; 
2— 90 wm; 8—30 mm 


YcAOBHHe, YACTHHe HM NOMHHE BEPOATHOCTH CTO- 
Ka, NMOT€pb H3anacoB BOA H(?). [lpeqnotoKuM, 4TO WIA aHHoroly 
OalaHCOBOrO y4YacTKa BO3MOXHO HECKOJIbKO BapHaHTOB HauasIbHbIxX 3allacoB 
Bogbl Vi, HECKOJbKO BapHaHTOB MpHTOKAa BOLbI CO CTOPOHbI pacno/ox*KeHHoroy} 
Bbille yuacTKa Mi, HeCKOJbKO BapHaHTOB BOAHOTO MHTaHHA cBepxy (HampH- 
Mep, 43 amocdeppi) Si. Kaxklomy coveTaHuto UX 6yyT COOTBeETCTBOBATb CBO 
160 
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M 
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mepemeleHuaA BoubI Z. TlocKobkKy KaxKOMY V3 BO3MOXKHBIX BapHaHTOB Ha- 
YaJIbHbIX 3amaCOB, NPHTOKa C BbIlle pacno/lOKeHHOTO yyacTKa HM MHTaHHA H3 
aTMOCHepbl COOTBETCTBYIOT CBOM BEPOATHOCTH, TO H COOTBETCTBYIONLHE repeme- 
INCHHA BOLI TaKKE MMEIOT KAKI CBOIO BepOATHOCTS. 

YcNOBHAA BEPOATHOCT b— BeposTHOCTh HACTYNMMeHUA 3aaH- 
HOFO MepeMellleHHA BOALI Z MOCe OLHOTO KaKOFO-IH60 COYeTaHHA HayaJbHOrO 
ganaca Bobi Vj H mpHToKa M}, Ho Ges yyeTa BeposTHOCTH Ux (TaK, KaK 6yJTO 
9TH HavaJbHbIit 3anac HM MpUTOK BOJbI HMeIOT MecTO HaBepHsKa). 

YacTHad BE POATHOCTS — BeponTHOCTh HaCTYMeHUA 3aaHHOrO 


TlepeMelieHHA Bobl Z Moce oOHOrO KakoOTo-JIM60 CoueTaHHsa 3amaca Bomb V) 
! 0 
uM mpuToKa M; c yueroM BeposTHOCTM 3Toro coueTaHHaA. 


TlonHaxH BE pOATHOCThb — BepOATHOCTh HacTyMeHHA 3afaHHoro Mepe- 


Menten sd BOJIbI Z Mloce BCeX BO3MOKHBIX BapHaHTOB coueTaHHH HauvasbHOro 


0 0 » 
ganaca V; u mputoKa M; c yueTomM BeposTHocTeli mocmeqHUX. 
BbluucnmeHHe yCAOBHEX BepoATHOCTeH Mepeme- 
mle HUH, BOA! Z BHINONHAeTCA No dopmMyue 


(Zym) = p' — p"’, (1) 
rye (Zym) — yCIOBHaA BepOsATHOCTb MepemelleHHA BObI Zyy, CCIM B Hauase 
pacueTHoro oTpe3Ka BpeMeHH UuMesCA 3anac Bogbl V? upu nputoKe M}; 
p’ — oGecneyeHHocTb NocTyMieHHa BOs cBepxy Si, Mp KOTOpol Nosyuaerca 
HaHMeHbIWAaA B LaHHOl rpynne Besuunna Z mp HauabHoM 3anace V? u npH- 
toke Mj (pyc. 1); p” —o6ecneyennocth nocrynienua Bokbl cBepxy Si, mpH 
KOTOpOH MoJyuaeTcsa HanOoOJIblad B aHHOH rpynne nepememeHHh BesMunHa Z 
Tp wayasbHom 3anace V} u nputoxe M} (puc. 1). 

B dopmyviax HYKHHe HHIEKChI Np BeJIMYHHAaX OOO3HAUAIOT: NepBbIN HHKHHH 
WHeKC — HOMep rpyMMbl HavabHoro 3anaca V°, BropoH HHXKHHH HHZeKc — 
HOoMep rpytinbl mpuroka Mi u T. J. 

OGecneyeHHocTH p’ up” onpesesa1IOTCHA lo TOH KpHBOH Ha BCIOMOraTeJIbHOM 
rpacuxe (puc. 1), Koropaa coorBeTcrByer JaHHOMy HavaJIbHOMy 3arlacy Bos! V? 
u mputoky My}. To dopmyae (1) u BcnomorarebHOMy rpapuky onpesesmsmiorcs 
NMoovepeAHO YCJIOBHbIe BEPOATHOCTH KaxKOH Ppyiiibl NepeMeweHHH Mocle Kaxk- 
oro coveTaHva pacuerHoro HauaJibHOrO 3allaca M pacueTHoro mpuToKa. Ha- 
TipuMep, Ha puc. | ycnoBHad BeposTHOCTh 3HayeHHH cTroKa M2 B UHTepBaue 
60—80 mm nocwie HayabHOro 3anacaV? = 30 mm u mputoka M} = 30 mm Oyzer 
pasua 0,20—0,13 = 0,07. 

BHUHcCAHeHHe YWaCTHHX BeporTHOCTeH. Benuunua (Zy) 
OyleT BbIPAKAaTbh BEPOATHOCTh COOTBETCTBYIOMN eH BeJIMYMHbI CTOKa, 3amlaca WJ 

: e o 0 0 
nlorepp Z B TOM CJlyyae, eC 3aaHHbIit HavalbHbI sanac Vy u mputoK M, 
Oe3ycOBHO uMeroTcs. B cayuae Ke, CCIM HavaIbHbIM 3anac WH MpHTOK TOJbKO 
OmKUaioTrca c BepostHocramu (V;) u (M{), To BeposTHocTh Nepememenna Z 
OyeT paBHa MpOM3BeeHHIO BepoxTHOCTeH HM HalieTca H3 COpMyVIbI 


(Z)ym = (V2) (Mi) (Zym), (2) 


rie (Z)ym — 4acrHad BeposTHOCTh NepeMemeHH rpyninbl Z mpH HavaJIbHOM 
3anace V? u npuroxe M9 (c yuerom BeposTHocTH MocsenHuX); (V;) — nomHasa 
BeEPOATHOCTh HavasbHOro 3anaca V}; (M}) — nouHasd BeposTHOCTb MIpHToKa Mi}: 
(Zym) — BeposTHocTb Mepememenua BoZb! Z Mp HavyasIbHOM 3amiace V? “ mpu- 


toxe Mj (6e3 yyera BepoATHOCTH MocsleqHHX), OMpeseAemas Mo opMyve (1): 
Braluucueuuve NOMHHX BEPpOATHOCTEH BO3MOKHBX 
Prem CTrOKa, sanacoB BOJH, NMoTtTepbh H BORoosd- 
@€@HOB. Tak Kak TO HIM HHOe MepemMenleHHe BOMbl Z MOxeT HMeTb MeCTO 
Mlocwe pa3HbIX HavaJIbHbIX 3alacoB H MIpHTOKOB, TO Halo yyeCTb CyMMYy eo 


i0i)) TACTHHIX Be poATHOCTeH mocuie BC€X BOSMO?KHbIX coueTaHHH Ha¥aJIbHbIX 3alacoB 
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HW TIpHTOKOB B npeyediaX OT MHRHMAJIbHBIX LO HanCoOJIbIUMX BOSMOXKHbIX HX 3Ha- 


ueHHH: 
Vmax M max 


; 
(Ded. 21 W3) OM) ana): 3) 
Vimin Mrmin 
Js pacueTHoro orpe3ka BpeMeHH, HMeIOMlerO HOMep T, sta cbopMywia mpH- 
HHMaeT BHI 


Vmax Mmax 


(AQe= DY Vr (MY MZvar (4) 


Vmin Mmin 
B YacTHOCTH 


Vmax Mmax 


Vr = D Vr (Mr Vom), (4’) 


Vmin Mmin 


rye (Z)r — MouHad BepOATHOCTH NlepemMemleHHa Z B MHTepBasle B TeYeHHe OTpes- 
Ka Bpemenu 7; (V,)7_; — NOsHad BEPpOATHOCTh HavaJIbHOFO 3amlaca BObI rpyn- 
bt Vy B Hauasie OTpe3Ka BpeMeHH TJ UJIM, YTO TO Ke, MOMHAA BEPOATHOCTH 3anaca 


BOAbI B KOHUE MpesilecrBylomero orpesKa Bpemenu T — 1. (M}) — noaHas Be- 


POATHOCTh MIpuToKa Bob! M?.co CTOpoH! Bie pacnosoxwKeHHOTO yuacTKa; 
BeMYMHI (Vo)r_, H (M°,)7 onpesedsioTCA ABTOMATHYeCKH pe WecTByIOWMMH 
3BEHbAMM OMMCaHHOrO BepOsATHOCTHOTO pacueta; (Zym)r — YCuIOBHaA Bepost- 


HOCTb HepeMemieHusa Bob Z Mp HayabHOM sartace V? u mputoKe M} (6e3 yueta 
BePOATHOCTH MOCJIeqHHX) B yCJIOBHAX OTpe3Ka BpemeHu JT. Bennunubl (Zym) 
HaxOAATCA Mo rpadukKy YyCJIOBHEIX BeposTHocTelt (puc. 1). 

OnpeaemiembIMi BeIMuHHAaMH (Z)7 MOryT ObITb BePOATHOCTH 3afaHHbIX Be- 
JIMUMH MOBeEpXHOCTHOrO WIM PrpyHTOBOrO CTOKAa, 3alacOB BOJbI Ha MOBepXHOCTH 
3eMJIM, 3aMaCOB BOJbI B TOJIMLE MOUBOrpyHTOB (30Ha a9pallMH), 3anacoB PpyHTo- 
BbIX BOJl, N€peMelleHHH BOAbI B BOMOeMAX H T. J., a IPH pacueTe nepemelleHHii 
J\pyrUX BeleCTB, KpOMe TOO, BePOATHOCTH HX OTTOKOB, OOMeCHOB HM 3alacoB. 

Jaa Toro uTo6pl pacuetuble (opmyvibl (1), (3), (4), (4’) npwHsadH KOHKpeTHy!0 
(bopMy WIA ONpeseseHHA BePOATHOCTH WMeHHO JaHHOrO MepemellleHHA, MocTa- 
TOUHO B HHX Bese 3aMeHHTb OOUIee OOO3HAYeHHe NepememleHHaA Z Ha OOO3HAa- 
yeHHe TlepeMeleHHA ONpeweeHHoro HarpaBleHua M, S, V ur. Qo. 


Bceco3Hbli HaydHO-HCCJIeAOBATeJIbCKHH HMHCTHTYT TlocrymH10 
THApOTeXHHKH H MeJIHOpallHH 26 IV 1960 
um. A. H. Kocraxosa 


UWHTHPOBAHHAS JIMNTEPATYPA 


1A. H. Kocrakos, H. H. ®Wapopun, C. ® ABepbanos, BananHe opo- 
CHT@JIbHbIX CHCTEM Ha peXKHM rpyHToBbIX Bon, M3g. AH CCCP, 1956. 2 A. J. Capapeu- 
ckKHMH, Peryiupopanne peuwHoro croka pBoyxoxpaHiinmamu, V3y. AH CCCP, 1951. 
SA. A. Capapeucxunh, Tp. 3 Beecoiwosn. rugponorny. cresna, 6, JI., 1959. 


Jlorsaye Akagqemun nayr CCCP 
1961. Tom 136, Ni 1 


CPEOAOCHA 


lr, H. BPOBKOB uv T. A. MOCKAJIEHKO 


JIENTOXJIOPL TOBbIM FOPH30HT B OTJIOKKEHU AX CPEJHEH FOPbI 
IWEHTPAJIBHOrO JIATECTAHA 
(IT pedcmaenexo axademuxom H. M. Cmpaxoesim 27 V1 1960) 


B’ 1958—1959 rr. apropamu BnepBble Ha CeBepHoM cCKJIoHe BoctouHoro 
Kapkasa, y c. Uox Tynu6cxoro paiiona Opin o6Hapy2keH M u3yyeH JenTO- 
XJIOPHTOBbIM TOPH3OHT cpeqM NOpo BepxHel uacTH BepXHeaaeHcCKorO sApyca 

 FOpbl (BEPXHAA MONOBMHA TIHHUCTO-avIeEBPOJIHTORO! CBUTHI 
YW. A. Kountoxosa). 

_ YuacToK BBbIXOJOB JI€NTOXJIOPHTOBbIX NMOpok cs0%*KeH 
TeEMHO-CepbIMH, FpyObIMH aprHJJIMTaMH C MHOTOUNCJIeHHBIMH 
TIPOCJIOAMH TJIMHHCTLIX HW KPYIHOSCPHHCTHIX aJIEBPOJIHTOB. 
AJIeBPOJIHTLI TOPH3OHTAJIbHO- VIM BOJIHVCTOCJIOUCTHIe, HHO- 
ra KOHTIOMepaTOBHAHble 3-34 MHOTOUNCJICHHEIX BKJIIOUe- 
HHH CHeponesuTOBLIX Trasek. XapakTepHoO mpucyTcTBHe 
| 10 BCeH Tome SCoLWIOrTO KOIMYeECTBA CHJeEponJe3HTOBbIX 
KOHKpelwi, WHOra CaraikoulNxX XOPOWO BbILepxKaHHble 
TOPH3OHTHI. SasieraiollHe BHIIMe OTJORKEHUA HVARHETO Oatio- 
Ca B. OCHOBaHHH CJIOKEeHI MPeCHMYLIECTBEHHO MeJIKO3epHH- 
CTbIMM MeCUaHHKaMH, KBepXy CMCHAIOWMMHCA aJleBpOuHTa- 
MM HM aprHvJiiuTaMH C MHOTOUNCJICHHBIMH CHEporesHuto- 
BbIMH KOHKpellWAMH MH MpocJiosmMy. 

JlenTOXJOpHTOBLIH TOPH3OHT BbIAeAeTCA B Paspese xXa- 
pakTepHOH 3eeHOBATOH OKpacKOH, s3aeracT B 75—8&0 Mm 
HWKe KPOBJIH BepxHero aayeHa, HMeeT OCILYIO MCIWIHOCTb | 
OKOIO 3,5 M M OTMMYAeTCH CNOMKHOCTLIO CTpoeHHaA (puc. 1). 3) E32 a3 a4 
B ocHOBaHHH ero — seNTOXJOpNToBbie Mmepresu (0,6 mM), Eas 6 a? 
pasoOuleHHble Ha JBa MaJOMOMIHEIX NVlacTa TPpocsoeM Cuje- 

PHTH3HPORAHHbIX H3BECTKOEMCTHIX PiIMHUCTHIX aJiCBPOJINTOB eres wea Tp 
© paCCeAHHBIMH JIENTOXJIOPHTOBLIMH OOJMTAMH; MepreJiv ropHBcen a ae 
MOACTHNAaIOTCA TEMHO-CepbIMH apFHJJIMTaMH, COMep%HKaT OC- 7 — anrunante; 2— 
TaTKH AMMOHHTOB, OeJIeEMHUTOB, MeJIeIMMOA, peKHe MHKPO-  ranuuctEe asespo- 
CKonmyueckue ocTaTKH oduyp UM pakoBHHE! opamunKndep. “AHTbI; J — slenToxs10- 
Brnue 3aneraeT niact 2,2 M cCuJepHTH3upOBaHHEIX InHH- beni do etnores 
CTEIX AJIEBPOJHTOB C JICNTOXJOPHTOBbIMM OOJIMTAMH, aM-  tyr-comntorbIe Mep- 
MOHHTaMH, 6esIeMHUTaMH; B OTMBITOM OCaZKe NOPOAb! CO- renu; 5 —JIeNTOXJIO- 
WepxKHTCA OomEwoe KONMYeCTBO PaKOBHH qopamunudep u — PHT-COMHTOBDIe TIH- 
H3BECTKOBBIX TeJell TONOTYpUH; BOH3N KpoBJM mvacta 67 seen aR 
SCTpeualoTCA MpocJOH Mepreviell C MHOTOUMCJEHHEIMH THAPO- — oonytoppie rpasesi- 
"ETHTOBBIMY OOHTaMM, BepXHAA YaCTb ONMCHIBACMOFO TOPH- _ ThI;°6—cugepuToBLre, 
sonTa (0,65 m) culoxwKeHa JIENTOXJIOPHTOBLIMH CHepHTOBbIMU 7 — pakoBHHuple 
TpaBeJUTaMM C MpOCcOeM JIENTOXJIOPHTOBbIX PaKOBMHHBbIX 

‘paBeJIMTOB nocpeqvHe. STH oOpa3s0BaHHA XapakTepu3yroTcA OOMIMeM OC- 
faTkKOB OpraHH3MoB. OcoGeHHO MHOFOUNCJICHHbI YWIeEHHKM cTeOseH MOPCKHX 
IMM HM pakOBMHE! jopamuHudep. Bie cyelywT OCbiuHbie TeMHO-Cepble TIH- 
HHCTHIe amleBposuTHI (0,6 M), CMeHAIONIMeCHA MeJIKOSePHHCTbIMM MOJIMMAKTOBbIMU 
MecyaHHKaMU C KaJIbILHT-JIeNTOXJIOPHTOBbIM IleMeHTOM. 

B oTawuve OT BMeMLAaIOMUX NOPON, JeNTOXJOPHTOBLIH TOPH3SOHT CoepxUT 
}OIbINOe KOMMUECTBO OpraHvyecKHX OCTATKOB — AMMOHUTOB, OeJIeEMHUTOB, Te- 
€lMNOA, OCTPaKO, U3BECTKOBHIX TeJIell TOMOTYPHH, OOJOMKOB o*uyp, YWJIeHH- 
(OB cTeOmel MopcKHX JIMIMH, bopamuHudep. BeTpevenHbi B JeNTOXJOpHTo- 
OM TOpH30HTe KOMMIeKC aMMOHHTOB NpAbagviexutr 30He Ludwigia concava 
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(Ludwigia concava Sow., L. costa Buckm., L. sinon Bayll), aro nosBomsaeT 
TOUHO JaTHPOBATb BOSPaCT OMMCHIBAeMOFO MWIaCTa KaK BepXHeaaeHCKUH. Do- 
pamunndepbl oTHuaioTca OoraTcTBOM ocobeH BHAOB, MpHHawexKalnux 
cem, Lagenidae. Oco6eHHo OOHJIbHO MpecTaBsieHa rpyiia BUOB, OMM3KUX K 
Cristellaria rotulata Lam., Cr. polymorpha Terg. B Menbulem KomMuecTBe 

BCTpeualoTCA MpekcTaBUTeH MApyrux cemeHcTs, 


730 S B uacTHocTH Epistomina ex gr. uhligi Myjatl. 
20% op PakoBuHb!  copamunudep mpeumyiecTBeHHO 
yy =M186 ~KpyiHble, TOJICTbIe, MACCHBHBIe. TlopepxHocTb 
eal 9 pakKOBHH 4acTO yKpallleHa CHJIbHBIMH peOpaMyH; 
Baa | ; 9TH IIpH3HaKH HaHOoIee OTYCTIMBO BbIPa*KeHbl 
Pes y HOWoO38apHi, BarvHyJIMH MW HeKOTOPbIX BHOB 
KPHCTeJIApHH. Cpequ KpHCTeJJIApUH W3BeCTHbI 
o6p BeCbMa KPYIIHble Ipe{CTaBHTeJIH, THaMeTpoM jlo 
N°119I 0,85 mm. Berpeuarommveca Hapsyy c dopamHHH- 
cbepaMH OCTpaKOAbl OOBIMHO HMeIOT CHJIbHO BbI- 
06p IlyKJible CTBOPKH C AYeHCTOH Hap yxHOH NOBepx- 
N°1192 

Muyidbeote! ae HOCTbIO. 
0 200 400 600 800 1000" Kak OblJIO OTMeYEHO, B CJIOKECHHU JIENTOXJIO- 
sans Ee ] | pPHTOBOrO TOPH3OHTAa Y4YAaCTBYIOT OOJIHTOBbIe Mep- 
ETeJIM, TJIMHHCTbI€ AJIEBPOJIMTbI, CHepHTOBbIe H 
Puc. 3. Tepmmueckne Kpuspie — PAKOBHHHbI€ rpaBeJHTbI. JlenTox.10puT-ooHTO- 
muddepenunaabupre (/) u noTrepn BbIe MepreJiH TeEMHO-TI€MeJIbBHO-Cepble, MACCHBHOM 
Beca(2) JIleMTOXMOPHTOBbIX MOpOd.  TeKCTYPHI, TOHKOKp HCTAaJIJIM4eCK H-OOJIMTOBOH 


CTpyKTypbl, B Oa3aJIbHOH MepreJibHOH Macce 
(80—85%)  6eccHcTemMHO paccexHbl OOMTHI <senToxJoputoB (12—15%) 
MW Me@JIKMM aJsleBpHTOBbIt MaTepHan (3—5%). OomnuTbl pa3HooOpa3Hbl 
mo BenuuuHe (0,20—0,45 mm), dopme (ccbepwueckHe, OBaJIbHbIe, yMHeHHO- 
OBaJIbHble, OKPYrviO-H30MeTpHyuecKHe) UH CTpoeHHio. Llextp ooMTOB — MyacTHH- 
yaTbIM MOHOKPHCTaJIM4eCKHH, YeLyHuaTLIh WH KPHMTOKpHCTaMMyeCKHH JenTo- 
XJIOPHT, TeppHreHHbIH KBapl, Ooee MEJIKHE JeMTOXJIOPHTOBbIe OOJUTHI, MeJIKO- 
3epHHCTHIN CHepHT, MOHOKPHCTaJIMueCKHH KaJIbUMT; KaK TpaBHJlo, mpeob- 
Naar JienToxopuToBble Apa. Tlepucbepuueckuh nosc sBcerga y3o0K (0,03— 
0,04 mm), UMeeT Hepe3KO BbIParxKeHHCe TOHKOKOHLCHTPp HY¥eCKOe CTPOeHHE, CIIOXKEH 
MMKPO3epHHCTHIM H BOJIOKHHCTHIM JI€MTOXJIOpHTOM. JlenTOXJIOpHTbI KeJITOBATO- 
Gypble, 3esleHOBaTO-KOpH4HeBATHIe, OT H3O0TPOMHBIX JO HH3KOABYMpeJIOMJIAIO- 
UIMX HM Tora CO CsaObIM MIeOXpOM3MOM, C HH3KHMM @aHOMAJIbHbIMM CepBIMH, 
CHHeEBaTO- HM 2KeJITOBATO-CepbIMH HHTepdepeHUMOHHbIMH IWBeTaMH; MaKCHMaJIb- 
HbIM MOKA3aTeJIb TMpeJIOMJIeHHA KOeOeTcA B mpesemax oT 1,628—1,640 (mu- 
KPOSePHHCThle JIeNTOXJIOPHTbI KOHIeHTpoB) oO 1,685 (muiacTHHuaTbIe pa3sHocTH 
aA]ep OOJMTOB), ABYTpesOMseHve OObMHO He MpeBblimaeT 0,010. JlentoxnopuTp 
ANep OOJMTOB, KaK MpaBHJIO, UMeIOT Oovlee BLICOKHe NOKA3aTeJIM NpeJIOMIeHH 
MO CpaBHEHHIO C JeMTOXJOPHTaMM KOHICHTPOB, 4YTO CBA3AHO C NOBbIIMeHHbI 
cojlepx#KaHwemM B HUX *Kele3a. UacTb OOMTOB NOBepxKeHa BTOPHUHbIM H3Me~- 
HeHHAM — CHJepHTH3alMN (3aMelleHve HepHdepHu M 4acTH Ajep arperaTamy 
cyOpomOos4puyueckoro cHyeputa, pvc. 2A), KambuNTH3alHu (KOoppo_upoBaHHe 
nepHepuu OOIMTOB, Uyulee HHOrAa MapasWiebHO C CHEPHTH3AallHel, HO TO32KE 
BO BPeMeHH), MMpHTH3allMH (HaOIOaeTCA peKO; MpHXOTJIMBbIe arperaTbl MH: 
pHTa Ppa3sBUTbI B WeHTpaJbHOH yacTH sep), OKHCeHMIO (3aMeleHHe yacTHUHC 
10 TepHepHH WIM MOJIHOCTbIO THAporeTHTOM Cc MoTepeli KOHIkeHTpH4eCKOr 
CTPpOCHHA UW pe3KHM CHMYKeHHeEM MpospadHocTH). 

Buemmne GM3KHe K MpefbIyUlMM THporeTHTOBble OOJMTOBbIeE MepreJ 
XapakTepH3yloTcA Oa3aIbHOM CUepHTH3UpOBaHHOM PJIMHHCTO-H3BeCTKOBOH Mac 
coh (82—85%) M HepaBHOMepHO pacmpocTpaHeHHbIMH lpeHMyllecTBeHH 
OBaJIbHbIMH OOJIMTaMM YTHlporeTHToBoro coctaBa (puc. 25). Aypa oowHtTo 
OObIYHO C/IOXKEHbI MpOspayHbDIM OypOBaTO-2KeJTHIM MSOTPONHbIM ruAporeTHTOM 
nepHdepHA — MMKPO3epHHCTDIM TeMHO-O6ypbIM, MOUTH HempospauHbim. Kou 
WeHTPbI B OOJIHTAX BbIPaxKeHbI. C1a60, IpHyeM HEpeAKO BCTpeualoTcA TakxKe Tce 
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BAOONMTbI; PasMep OOJIMTOB B THIMMYHOM cylyyae 0,25—0,30 mm (fo 0,40 mm). 
Muorve OOJIMTbI UMeIOT OO/JIMK ABHBIX MCeEBLOMOPMHbIX OOpasoBaHuii Mo sJenTo- 
xslopHtam. B onvcbiBaeMbIxX MepreJiAX BCTpeualoTcA eMHMYHbIe OKpyruble 06- 
JIOMKH Ooslee APeBHUX OOJMTOBLIX HM MCeBAOOJHTOBLIX FUAPOreTHTOBIX MOPOL, 
CIOMKEHHEIX 2—4 OONHTAMM (ICeBAOONUTAMM), CleMeHTHPOBAaHHbIMH Mosynpo- 
3Ppa4HbIM TeEMHO-OYPbIM 2KeJIe3HCTbIM BelLeECTBOM; HEKOTOPble H3 MOMOOHEIX 06- 
JIOMKOB HMeIOT OOILy!0 TOHKy10 rHporeTuToByio Kaiimy. B HemHorux mopax 
BCTpeveHbI MeJIKMe arperaTbl 3eeHoro xXJIOpHTa M viayKOHHTa, a TakxKe elu- 
HMUHbIe 3epHa AYTHIeHHBIX KaJIMeBbIX MOJIeBbIX LIMaTOB. 

JIlenTOXJIOPHT-OOJIMTOBbI€ + YJIMHHCTEI€E aJIeBPOJIMTbI, TeMHO-TenesIbHO-ce- 
pble H MaCCHBHble, cofep»%aT OKONO 20% OOMTOB JenTOXJOpHTOB, HepaBHO- 
MepHO paCCeHHBIX B IIMHHCTO-aJIeBPOJIHTOBOM IeMeHTe. OovIHTbI 10 CTpOeHHIO 
M pa3sMepaM aHaJIOPMYHbI OMMCAHHDIM BbIINe H3 Meprejel, HepeKO OKMCJIeHbI. 
Betpeyaiorca TakxKe OKpyrvible OOJIOMKH (0 1 MM) JeMTOXJOPHTOBbIX OOIHTO- 
BbIX MOPOM, COCTOAMIMX H3 3—5 MEJIKKX OOJIHTOB, CKPeMJICHHBIX JI€MTOXJOpHTO- 
BbIM I[CMeHTOM, IIPH4eM MOC/IeLHHH, KAK MpaBUJlO, 3aMeLeH MOUTH MOHOCTHIO 
rufporeTutom. BasaibHasA TiMHUCTO-aJleBpOJIMTOBaH Macca ycesHa 3aTpoHy- 
TbIMH OKUCJI€CHHeM MeJIKUMM CyOpomMOospnyuecKHMH 3epHaMH (MH WX arperaTamy) 
cHjleputa, KOJM¥ecTBO KOTOpOro JocTuraeT 20—25%, mectamu lo 45% oObema 
TOPpOAb!. OTAesbHbIe MPOCMOW TIMHHCTHIX aJIeEBPOAHTOB, KpoMe Toro, xapak- 
TepH3ylOTCH 3aMeTHOH M3BeCTKOBUCTOCTHIO. [HHUCTOe BeLLeCTBO MpescTaBseHO 
TrHApocsuosaMH c MpmMecbio xJloputa. Betpeyarorca mesmKHe (f0 0,015 mm) 
ccpepHueckve MceBOMopdosbl reTuTa NO MMpPHTY MH CHHUYHBIe MAPHTH3HpOBaH- 
HbIe PACTHTEJIbHbIe OCTATKH. 

Benyarouve pa3pe3 ropH30HTa JI€MTOXJIOPHT-OOJINTOBbIC FpaBesHTbI Mpes- 
CTABJICHbI CHJeEpHTOBbIMH MW paKOBHHHbIMH pa3sHocTamH. [lepBble mMenesbHO- 
cepble, CO ClaObIM 3eJICHOBATbIM OTTCHKOM, CJIOXKECHbI MEJIKOPaBHHHbIMH OOJIOM- 
KaMH TJIMHHCTEIX CHJe€PpHTOB (rocnOACTBYIOT) H CHJepHTH3HpOBaHHbIX rpyObix 
aprMJJIHTOB WM TvIMHMCTbIX aJICBPOJIHMTOB, JIEMTOXJIOPHTOBLIMH OOWHTaMH (12— 
15%) M raMHUCTO-aseBpOJHTOBLIM WemMeHToM (20—25%). OonuTst (0,3—1,0 mm) 
IIPeEHMYULECTBEHHO OBAJIbHbIe, C HeOTYCTJIMBO 30HAJIbHbIM NMepnHdepHueckHM 
TIOACOM M AMPOM H3 MWacTHHUATOrO YelllyWuaTorO, BOJIOKHMCTOrO HIM’ MUKpo- 
3epHHcToro JenToxsioputa (puc. 2B); OoubuIMHCTBO OOJIMTOB Mo nNepHpepHu 
okucueHo. Ha6mrofaroTcA mpolecchl 3aMelleHHA BeLeCTBa OOJIMTOB CHepHTom, 
KaJbUMTOM H MMpHTusauna. LlemeHT 3aMeTHO CHJepHTH3HpoBaH, MecTaMH 
C MeJIKHMH arperaTaMu OypoBaTo-3esleHOBaTOrO Yel yHyaTorO XJIOpTa B Nopax. 

PakoBUHHble JIeMTOXJOPHT-OOJHTOBbIe PpaBeJIMTbI BHEWIHe OJIM3KH K Mpesblyly- 
WHM, OTIM¥alOTCA MpvcyTCTBHeM Govbiworo KouMYecTBa (HHOra Lo 65%) opra- 
HMYeECKUX OCTATKOB (bopamuHuepbl, WIeHHKU CTeOJelH MOPCKUX |MIMM HM Ap.), 
CIEMEHTHPOBaHHbIX TIMHWCTO-aJIeBPOJINTOBbIM MaTepHaJIOM, TIpHueM B MOCcues- 
HeM HaOsiofaloTcA MeCTaMH KOJMOMOp*Hble arperaTbl JeNTOXJOPHTOB, OObIYHO 
OKHCJICHHbIX; HHOFa JIeNTOXJIOPHTOBOe BelleCTBO CJlaraeT TOHKHe€ Kae€MKH BO- 
Kpyr TeppHreHHbIX 3epeH; B HeEOOJIbUIOM KOJIMYeCTBe — TICeBOMOpdosbl THApo- 
reTHTa 110 cyOpomMOosfpvuecKHM 3epHaM CHJepHTa Mu ccbepHuecKHM MUKPOKOH- 
KpeliMam muputa. IIpucytersyroule B KounuectBe 12—14% smenroxsopuTospie 
OOJMTE, KaK MpaBHIO, OKHCJIeEHbI oO MepHepuu. 

PesyJIibTaTbl XMMMYeCKUX AHAJIM30M ONMCbIBAeMEIX TOPO NpHBeAeHbI B TAG. |. 

Tlopofam cBolicTBeHHbI MOBBIMeHHbIe BaslOBble Cofsep%KaHHA CaO (ucKsO- 


daa Oran af 


XUMMUeCKHH COCTaB NOpOm MenTOXOpHTOBCrO TOpHsOHTa (B MpoleHTaxX Ha BBICYIWeHHYIO 
upu 110° mopony) 


0 

2 ce SiO, TiO, Al,O, | FesO3 FeO MnO CaO | MgO | P,O; | Na.O} K,O |I]. 0,10.) Cymma 
ae 

11488 | 17,82 0,34 ers 2,56 5.96) |) 0,53 | 32,27 | 2,38 || 3,62,| 0743 | @)98)| 225,49 99,58 
1189 | 33,20 0,53 12,30 13,26 HoaT Oradell dey98 i Spd th Oyen) sOsied 1,87} 26,75 | 100,44 
1190 | 47,39 0,76 16,81 8,78 6,89 | 0,12 3,69 | 2,01 | 0,44 0,84 | 2,89] 9,28 | 100,23 
4499 127542. 0.44 9,43 2,93 16,50 | 0,32 | 12,87 | 5,43 | 3,07 | 0,72 | 1,63] 20,37 |} 100,91 
1192 | 40,39 0,66 14,18 4,27 8,30 0,46 } 40,78 125.39) af 0,201} 4419 7) aye aoe 100; 45 
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uaa oOpaser Ne 1190 menToxsoput-ooMTOBOrO TIMHMCTOrO aJieBpOuIMTa) H 2Ke- 
ye3a, Mpuuem HanOosbilee cyMMapHoe KosMyecTBO FexO3 u FeO (15,5—19,5%) 
Ha6lOaerca B OCHOBHOM, CpeMHel, 4aCTH TOpH30HTa, COHKeHHOM CHepuTu- 
3HPpOBAaHHbIMH JI€MTOXJIOPHT-OOMTOBLIMM =TeppHreHHbIMA TopojaMu; ~MepresM 
U3 OCHOBaHMA YTopu30HTa HaWGomee OeHbI xemesoM. B cofepwKanHuax SiOz, 
TiOz, AleOs u wenouelt HaGmOMaeTCA MIpAMad 3aBMCHMOCTb, yKAa3bIBalomlad Ha 
CBA3b UX OCHOBHBIX KOJIMYeCTB C TeppHreHHbIM MaTepHasioM. XapakTepHO MOBBI- 
IeHHOe CosepxKanue doccopa B oGpasue Ne 1188 (mepresp) u Ne 1191 (cuyepn- 
TOBbIM TpaBeJHT), OHAKO MMHepaoruyecky!o PopMy ero HaxoO*KeHuA B WIH- 
(pax JOCTOBepHO YCTAHOBHTb He yalocb. 

Kak noKa3aIH CIeKTpasibHble aHaJIM3bl, HH OMMH 3 MaJIbIX 3JIEMCHTOB 
(Ni, Co, V, Gr, Cu, Pb, Zr, Sn,Ga,Ge, Be, As, B, Li,Rb u ap.,)He Maer cKONBKO- 
HMOyAb 3aMeTHbIX KOHI[eHTpallMit Bblle KapKOBbIx. I[]pewmMyulecTBeHHoro TA- 
roTeHHA MaJIbIX 9JIEMCHTOB K KaKoOM-H60 H3 NOpok He HaGwOMaeTcA. 

TepMmosecosble HccleqoBaHual (puc. 2, cM. BKeHKy K crp. 100) noxTBep»x ator, 
IPHBeeHHYIO BbIIe XapaKTepHCTHKY JIeMTOXJOPUTOBbIX MoOpoy. 

V3n0%KeHHbIe JaHHble MOYepKUBAIOT OCHOBHbIe OCOOeHHOCTH NMOpos 1op- 
ckKoro JIelTOXsIopHToBOorO ropH3oHTa JlarecTaHa: a) JIeMTOXJIOpHToBble (A rHApo- 
reTHTOBbIe) OOJIHTbI, UMéa MO BCeMy pa3spe3sy rOpH30HTa MHOFO OONLAX MOpdouiorH- 
YeCKHX HM CTPYKTYPHbIX YePT, pacMpocTpaHeHb! 6e3 KaKHX-IMOO 3aKOHOMepHO- 
cTeH B pa3JIHUHbIX MOpoax — MepreJIAX, PIMHMCTHIX aJIeBpOJMTax, rpaBenH- 
Tax; 6) Hapsyly C MOCTOAHHO MMeIOIWHMM OTHETJIMBbIe KOHTYPbI OOJMTAMH B 3a- 
Me€THOM KOJIHYeCTBE IIPHCYTCTBYIOT OOJIOMKH Oovlee paHHHX MO BO3pacTy OOJH- 
TOBbIX JICMTOXJIOPHTOBLIX MOPOM, TaCTbIO OKHCJICHHBIX; B) HaOOMaeTcA IpAMaa 
3aBHCHMOCTb B CTeMeHH OKMCJICHHOCTH JIEMTOXJIOPUTOBLIX OOJIMTOB M MeJIKO3ep- 
HHCTOrO CHepTa, paccexHHOrO B WeMeHTHpylouleH OOJIMTbI MepreJIbHOM HJM 
rJIMHMCTO-asIeBpOJIHTOBOH Macce; T) NOpOAbl H30OMIyIOT OCTATKAMM OpraHH3MoB, 
IpHHaIexallux pasJIMYHbIM CHCTeMaTH4YeCKUM rpyllaM; XapakTepHo Ooubuloe 
pasHooOpa3sve (bopamunudep, oOOsafaroulMx OObI4HO KPYyMHbIMH TOJICTOCTeH- 
HbIMA paKOBHHaMH, MpHcyTCTBHe THMMYHbIX CTeCHOraJIMHHbIX MpelcTaBuTesen 
B BHJle OCTATKOB YWICHHKOB CcTeOsleH MOPCKHX JIMJIMH, uacTel opuyp, U3SBeCTKO- 
BbIX Teel, TOMOTYPUM, AMMOHHTOB HM OeeMHUTOB. OTH c:bakTbI MOSBOAIOT Cye- 
JlaTb BbIBOA, YTO ONMCbIBAeMbIN TOPH30HT CcbopMHpoBaJcA B TIpHOpexHOM He- 
rty6OKOBOAHOH 30He MOpcKoro OacceliHa HOPMAJIbHOM COJIeEHOCTH pH y4yacTHH 
MpOLYKTOB repemblBa Oowlee paHHHX 10 BOSPaCTY OOHTOBbIX JICMTOXJOPHUTOBBIX 
MOpOA, 30Ha paCIpocTpaHeHHA KOTOPHIX, HCXOMA M3 LaHHbIX *all\dabHOrO aHa- 
u3a, paciouaraiacb ceBepHee HM ceBepo-BocTouHee c. Uox. OOpas0BaHHa OONH- 
TOB He MIPpOUCXOAMJIO B pacCMaTpHBaeMBIX Topokax; NocWeHHe peACTaB/ALOT 
coOolt cBoeoOpasHble «XBOCTbIy JIeEMTOXJIOPHTOBbIX 3aexei. JluuIb B rpaBerH- 
TaX Ha CTaqWu [\MareHe3sa B HeOO/JIbINMX MacuITaOax WMela MecTO reHepallHA 
MeJIKOYeINYH4aTOrO XJOpUTa HM peqKO — TlayKOHUTAa B rIMHUCTO-aJleBpOJIMTOBOM 
Macce IleMeHTa, OTJIM¥aBlerocA HU3KOH KapOoHnaTHocTHIO. PuAporeTuToBbli co- 
CTaB 3HAYMTebHOM YaACTH OOJIMTOB HM MCeBAOOMUTOB ABIIACTCH BTOPHUHBIM MpH- 
3HAKOM, OOASAHHbIM HAXOMKCHHIO MOPOA B 30HE BEIBeTpHBaHuA. Hadmolaemaa 
CHCpHTH3alMA OOMHTOBLIX MeprejeH HW PIMHHCTHIX AJeBPOJMTOB, paBHO Kak 
HM JI@NTOXJIOPUTOBbIX OOJIMTOB, HOCHT J\MareHeTHuecKMH XapakTep. 

OOHapyxXeHHe JeNTOXMOpHTOBOrO TOpH30HTAa B OTMO*KeHHAX CpemHeli 1Opbl 
LlentpambHoro JJarecraHa JoxKHO MOCy2KUTb TOMYKOM K MpoBeseHulo je- 
TaJIbHBIX JIMTOJIOTHYeCKUX H MOMCKOBO-pa3BeLO4HbIX PaOOT C IeJIbIO BLIABJICHHA 
MpaKTHYeCKH 3HAYMMbIX KOPCHHDIX 3alexKeH OOJIMTOBHIX JICMTOXJIOPHTOBbIX py. 

WUuctutyt reonormm wu reopu3uKn Hocrynuao0 

Cu6upceKxoro orqenenua Akagemuu HayK CCCP 22 VI 1960 


Muctutyt reonornu JlarecrancKkoro usnnasa 
Akagemun HayKk CCCP 


Jorsange Aragemuu nayx CCCP 
1961. Tom 136, Ni 1 


TEOMOPAA 


E. Mi. JEHHCOB 
O BO3PACTE NMOKPOBHbIX BA3AJIbTOB KO)KHOFO MPHMOPbSA 
(II pedcemaeaeno akademukom~]].<B. Haauexunoim 18 VI 1960) 


_ B IIpumopckom kpae u Ha mpHueraionleli TeppHTopHu ceBepo-BocTOUHO! 
—gactd KHP mmpoxkoe pacnpocrpaneHve MMewoT MOKpOBHble 6a3abTbl. B lOxK- 
HOM IIpHMopbe MMU ClaratoTcs 1Ba OobWIMX Muato — LilydaucKoe u I Ikoros- 
ckoe. HecMoTpx Ha 3HayuTebHOe pacmpocTpaHeHve HM CBA3b C MOKPOBHbIMH 
Oa3abTaMM UWIaKOBbIX KOHYCOB, MaTepHasl KOTOPbIX HaXOMHT WHpoKoe MmpH- 
MeHeHHe B pa3JIM4HbIX OOACTAX CTPOHTeJIbCTBAa H B XMMMYeECKOM TIPOMbIIILIeH- 
HOCTH, MOKPOBHbIe Oa3aJIbTbI H3Y4eHbI OUeHb cabo. 
jo HacTosujero BpeMeHH cpeyqu uccesoBaTeeH FOxHoro IIpumoppa Hert 
e€MHOrTO MHeEHHA O BO3pacTe HOKPOBHbIX Oa3aibToB. A. HW. Kosaos (°), 
© E. ®, Manees (1° 12), A. H. Kpumtrocdosus (*), B. 3. Ckopoxog (45), H. A. Be- 
JIA€BCKMH (?) HM fp. CUHTaIOoT HX HMKHeyeTBepTHUHbIMH. IO. ©. Uemexos (17), 
I. C. Tanemmu (°) u Hekotopble Apyrve — MIMoleH-HvKHeYeTBepTHUHbIMN. 
‘Il. H. Kponorxun (8), H. A. JleGeqena (*) H Apyrve — MHOWeHOBBIMH. 
HwxKHAA BOSpacTHad rpaHulla MOKPOBHbIX Oa3aJIbTOB He BbISbIBAeT HHKAKUX 
COMHeHHH. Ova onpesesaetca 3ameraHveM UX Ha OTJOKEHHAX CYHPHHCKOH 
-CBHTBI, BO3pacT KOTOpOH onpeyeneH A. H. Kpumrodosuuem (7) Kak cpefHe- 
WJIH BepXHeMMOIeHOBLI. Hamu Obl MOBTOpeHb! COopbl dlopbl 3 OTMOKeHHH 
cCyidyHckoH cBuTE!. Onopa, mo onpesenenuio T. H. Batikosckoi, cBuyetesb- 
CTBYeT O BEPXHEMMOIeHOBOM BO3pacTe CBUTHI. BepxHAA BospacTHad rpaHuila 
-MOKPOBHBIX G6a3aIbTOB JO HacToMulero BpeMeHH He Oblia ycTaHoBseHa ('%). 
B pe3yibTate Haliux paOoT NowyyeHbl HOBbIe LaHHble, KOTOpble aioT BOS3- 
MOXKHOCTh TOBOPUTb O IWIHOIMeHOBOM BO3pacTe MOKPOBHBIX OasabTOB lOx- 
Horo IIpumMopba MH OOOCHOBAaTb UX BepXHiOIO BOspacTHy!0 rpaHuny. Tak, B of- 
‘HOM KHsloMeTpe ceBepo-BocTouHee c. KespoBKu, Ha BbIcoTe 90 M Hal ypoBHeM 
p. CylicbyH, xopoulo BbipaxeHa Teppaca, C/loxwKeHHaA TYOreHHbIMM TIHHAaMH, 
TpanlenamMu u jMaTomutamu. [loposb cofepxaT MIOXO COXpaHMBIIMecaA oTme- 
YaTKH JIMCTbeB, CeMeHa HM Ca60 pasOXAKUBIITyIOCA [peBecHHy. OTH MOpOMbI 3a- 
JleraroT KaK Ha OTMOKeHUAX CyHpyHCKOM CBHTbI, TaK WM! Ha MOKPOBHBIX 6a3aJIb- 
- Tax Illydancxoro naato. MoutHocTb TeppacoBbIX OT/IO*KeHM MpeBblllaeT 5 M. 
_ AxamM3 mpo6 u3 3THX OTIOMKeHHM NOKa3sa OoraToe COepxKaHHe MbLIbIbl M CMop. 
Tio ompenetenuio O. B. Llyraescxot u B. I. 3umunoit (J,ambHeBocTouHbii 
- dusmuan Cu6upeKoro.ommenenua AH CCCP), B mpoOax cofepxuTcA crelyronyee 
 KOJIMYeCTBO MIBLIbIbI MH Crop: rosocemaAHHbIe 63%; MOKpbIToceMAHHbIe 28%, U3 
KOTOPbIX J[peBecuble cocTaBiaoT 26% u TpaBaAHUcTHe 2%; cnoppl 9%. V3 
TOJOCeEMAHHBIX ObWIM ompetenenut: Ginkgoites sp. 34 MblbieBbIX 3epHa, Cu- 
pressaceae 48, Thuja orientalis L. 13, Juniperus cf. foetidissima Willd. 25, 
Tsuga sp. 67, Picea 62, Pinus — Diploxylon 48, Pinus — Haploxylon D 
. sibirica 2, Larix 7. TloxppirocemaHuble mpeqctaBsen bt mbltbiolt: Salix sp. 
5 mbivibueBbix 3epen, Caryasp. 10, Alnus sp. 50, Betula nigra 25, Betula sp. I, 
WQuercus 5, Ulmus 14, Magnoliaceae 4, Liriodendron sp. 9, Ilex 2, Tilia sp. 
/4, neompenenenupie 10, Chenopodiaceae 7. M3 croposbix oOHapyxKeHbt: Po- 
‘lypodiaceae 31 cmopa, Ophioglossaceae (Botrichium boreale) Tr. (Milde) 7, 
j Osmundaceae (Osmunda sp.) 5, Equisetaceae (Leiotriletes Naum.) 1. To 3a- 
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Kuouennio «6. B. Ilyraescxoi uv B. TI. 3umMnHOH, MaHHbIH KOMMJIeKC crop 
H IIblWIbUbl XApakTepusyeT CoOoH HIM MepexOAHbIi 9TaM OT NIMoOWeHa K YeTBEp- 
THYHOMY HepHosy WIM 2Ke, BO3MO%KHO, IVIHOMeHOBYIO STIOXy. 

OtneyaTKV JIMCTbeB B OMHCAHHBIX TeppaCOBbIX OTJIOMKeHHAX MpeACTaBNeHHy, 
mo onpenenenmo T. H. Baiixoscxoii, Buamu: Taxodium dubicum (Sternb.) 
Heer, Populus pliotremuloides Axelrod, Juglans sp., Ostrya virginica Willd. 
fossilis Nath. [Ip stom Populus pliotremuloides moka He oTMeyeH cpeyH pac- 
THT@JIbHBIX OCTATKOB U3 Ooslee JIPCBHHX, BeEPXHEMMOMECHOBIX, OTJOKEHUM 
CyHyHCKOH CBHTHI. 

V3 9Tux »Ke oToxwKeHHi A. MW. Monceesoii (14) ObliH onpeeeHbl [HaTOMOBBIe 
BOJOPOCH MIMOWeHOBOrO BospacTa. ; 

Yka3aHuble Bbiile (paKTbI, HapsAy C H3BeECTHbIMH panHee (*), MOryT CBM eTeJIb- 
CTBOBaTb OO H3JIMAHHH MOKPOBHBIX Oa3asbTOB IOxkuHoro ]puMopbs B MIMoLleHe. 
Mbl, OHaKO, He OTPHIaeM BO3MOXKHOCTH HaxowKeHus B []pHmMopbe MOKPOBHbIX 
6a3aIbTOB HHOro BospacTa, H6oO Ha CoceqHeH TeppHTOpHu ceBepo-BOCcTOUHOK 
yactu KHP X. Kyuo (!8) u A. M. Cmupuos (?%) Bbigeua1oT MOKpOBHble 6a3aJIbTbI 
cpeqHe- HW BepXHeTPeTHUHbIe, MJIMOMeHOBbIe, MeHCTOMeHOBbIe, BepXHeMIeHCcTO- 
IleEHOBbIe H COBPeMeHHEIe. 


JlaibHeBOCTOUHBIN cbHsiHad Toerynuso 
Cu6upeKoro oTmenenua Akawemun HayK CCCP 16 VI 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1A. ®. Bapauos, Bonp. reorp. Jambu. Boctoxa, c6opH. Ne 1, 1949. #2 H. A. Be 
auaeBckKul, Marep. no reom. H nomesH. uckon. Bocr. Cu6. u Jlanpu. Boctoka, B. | (1956). 
7}. CC) Panemuu, (Cos.reons, Ne 5p, on doon: 2B. se. Law wore ree 
San. Muu. o6u., 61, Ne 2 (1932). ®° A. H. Ko3aos, Marep. mo reom. 4 mome3H. HCK. 
Jlanbu. Boctoxa, Ne 35, 17 (1924). °® A. H. Kpumtogosuu4, Teonornuecknit 0630p 
cTpau Jlanbuero Boctoxa, M., 1932, crp. 254. * A. H. KpumtTrodmosuy, Bor. xypu., 
Ne 4, 13 (1946). &II. H. Kponotxkun, Mss. AH CCCP, cep. reon., Ne 3, =44 
(1956). ® H. A. Jle6eneBa, Tp. Komucc no u3yy. uerpepTHuH. mepvoa, B. 13, 225 
(1957). 1 E. ® Maaees, IIpupona, Ne 2 (1943). 4 E. © Manees, Cos. reoz., 
Ne 12, 45 (1946). VE. © Maaees, Tp. aa6. syak. u Kamuat. Byk. ct., B. 6, 26 
(1949), %E. ®. Maaees, M3. AH CCCP, cep. reon., Ne 8, 92 (1957). 14 A. UH. Mo- 
uceespa, BCETEH, Undopm. c6opu., Ne 10 (1959). 1 B. 3. Ckopoxog, Ocnosuue 
WepTbI reoOrHyeCKOrO CTPOeHHA 1OX%KHOK uacTHsCopetcKoro JlambHero Boctoxa, 1941, ctp. 214. 
18 A. M. CmupuHos, 3an. Xap6. o6m. ectectTB. H atuorp., Ne 13 (1954). 1710. © Ue 


MekoB, Bonp. reon. Asun, 2, 276 (1955). 18H. Kuno, Proc. 7-th Pac. Congr., 2, 
Wellington, 1953. 


1¢8 


Jloxnxayn Akagqemun nayx CCCP 
1961. Tom 136, Ne 4 


PEOJOCHA 


r. H. KAPMHLIAHA 


O FPAHWLE AKYALbIJIBCKOrO MW ANMIEPOHCKOFO APYCOB 
NPHKACNHACKOHMH CHHEKJIN3bI 


([Tpedcmaeaeno axademuxom JI. B. Haauexunoim If VII 1960) 


CtpatTurpaduyeckoe pacuieHeHHe ak¥arblJIbCKHX H AlllepOHCKHX OTO*KeHHi 
Kacnwiickol o61acTH, OCHOBaHHOe Ha H3MeHeCHMH (payHUCTHYeCKHX KOMIMJICKCOB 
nesewAnox UM racTponog, Oblio npoBexeno H. MW. Augzpycospm (',?), B. II. Ko- 
JiecHuKoBbIM (*, *), K. A. Amv3age (*) u ap. K MomeHTy, Kora Hadasucb cH- 
cTeMaTHyecKHe MUKpodayHUcTHyecKHe HCCJIEOBaHHA MVJIMOMeCHOBbIX OTJIOKeHHH 
I]pukacnua, cxema TpolcTBeHHoro JleeHHA akuarblia UM ammepoHa Obluia npH- 
HATA OOJIbINMHCTBOM HcCJeqoBaTeieH MIMoOleHa. 

Ms3yyenve mukpodayup B 1500 o6pa3iax M3 MHOPOUHCJIeEHHbIX CKBa2%KHH 
Ilpukacnniickow CHHeKJH3bI NO3BOINJIO HAM OTMETHTb, UTO rpaHHly MO ocTpa- 
KOLaM HM dopaMvHudepaM Mexy akuarblIOM HM AallliepOHOM OOIeNpHHATON 
CX€MbI IIpOBeCTH O4eHb TPYAHO, BepHee BCero — IIpaKTHYeCKH HEBO3MOKHO. 
TpyHOCTb OTJeJICHHA aNWIepOHCKHX OTOXKeHHH OT AKUArbIIbCKHX OTMeUAa- 
JaCb HEKOTOPbIMH HccueOBaTeIAMH MpH W3yyeHHH oOcTpako mMoueHa Bo- 
ctouHoro [TpeqxaBKasba (°) H SanaqHoh Typkmennu (X. M. Kysuepa, 1958 r.). 
_ Accolvalua ocTpakol u dopamuHudep HWKHeroO anmepoHa B lpesemax 
IIpukacnuickoh CHHeKJIH3bI, MO HauIHM HcceOBaHHAM, MpescTaBlAer o6es- 
HeHHbIM BepXHeakyarblIbCKHH KOMIMJIeKC H TeHeTHYeCKH C HM CBA3aHa. B HHDK- 
HealWlepOHCKHX OTJIOMKeHHAX, KAK HU B BepXHeakuarblIbCKUX, BCTpeualoTcs 
‘BUJbl OCTpakO, C UIMpOKMM BepTHKaJbHbIM pacmpoctpaHeHuem (Eucythere 
‘naphtatscholana (Liv.), E. urticulata (Liv.), Cyprideis littoralis Brady 
WM fip.), a TakxKe eHHH4HbIe IK3ZeMIMJIAPbI BbIXOAWEB H3 aKUAbIIbCKOrO Oac- 
cetiua (Limnocythere tenuireticulata Suz., Leptocythere gubkini Liv. u ap.). 

V3 dopamunudep B HY KHEeAMUIepOHCKHX OTJIOMKEHHAX BCTPeyaOTCA TOJIbKO 
SBpHraHHHble cbopamunHdeppl Streblus ex gr. beccarii L. B HeKxoTopbIx palio- 
Hax M3yY¥eHHOH TeppHTOpHu MuKpodayHa B HHKHeM AIILIepOHe MOJHOCTbIO 
OTCYTCTBYeT. 

B MpOTHBONOOKHOCTh OTMeyeHHOMY, pe3KaAi YpaHwila NO MuKpodayHe 
‘HaOsiofaeTcH Mey HWKHHM HM CpelHHM AalINepOHOM OOLeNpHMHATOH CXeMBI. 
CpeqHuii animepoH BbifenseTcA mo MOABMeHHIO OoraToro HM pa3sHooOpasHoro 
KOMIJIeKCa OCTPakO, CosepxKaLlero HOBbIe BUALI H poL! — Leptocythere mul- 
tituberculata Liv., L. bosqueti Liv., Caspiocypris filona (Liv.), C. rotulata 
(Liv.), C. elongata (Schw.), Caspiella acronasuta (Liv.), C. liventalina (Evl.), 
Cytherissa bogatschowi (Liv.) u gp. 

KonxnvodayHa BepxHero akuarblia H HHKHerO amilepoHa, Tak %Ke Kak 
WM MUKpodayHa, OOHapyxKMBaeT TeCHYyIO CBA3b M MpeemcTBeHHocTb. Tpanuma, 
yctaHopsenHan H. WU. Angapycospim, B. I]. KonecHukoBbiM uM Ap. No mosBJe- 
HHIO JlpelicceHcHh amilepoHcKoro oOIMKa, OU4eHb YCJIOBHa, TpwyeM CaM 
B. II]. Konecuukos otTmeyas, 4TO ApelicceHCHH BepXHero akuarblJia HMeIOT yxKe 
ANIME POHCKMH O6IMK M YTO H3y4aTb UX HY2KHO B Hepa3spbIBHOH CBA3H C a;ille- 
coat dopmamu (4). IIpesctaputenu WpeticceHCui, H3 KOTOpbIX OHH CuH- 
‘TaloTCA XapaKkTepHbIMH JIA akuarblia, [pyre — AIA amulepoua, 2UBYT B Co- 
_ BpeMeHHBIX UepHom u Kacnulickom MopsAx HM ABJIAIOTCA OOMTATEAMH passH4- 
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HbIX PYOWH 3THX OacceliHoB (°). OQHHM M3 rlaBHbIX MIPpH3HAKOB, Ha KOTOPbIXx 
OCHOBaHO MpoBeeHHe TpaHHbl MexAY aKkuarblJIOM M alllilepOHOM, CuuTaeTCs 
HCuUe3HOBeHHe B pa3pe3se aBHMAKTp HM Kap/MyMOB. 

Oyjuako, mocKombKy ompecHenue Kacnulickoro OacceliHa, HayaBileec 
B BePXHeM akuarblle, IpOWCXOAM0 MOCTeMeHHO MU HepaBHOMepHO B pa3JIM4HbI 
yuacTKax OacceliHa, BbIMMpaHHWe akuarblIbCKUX ABMMAKTp HM Kap/\MyMOB ObIIG 
PaSHOBpeMCHHBIM B OTeJIbHbIX paionax. Ilo Aanuyim I’. MW. Tonosa, yruetex 


1oro-3anaqHol TypkmeHHu (’). 

CoBepuleHHO HOBbIM 3TaI B pa3sBHTHH KOHXHIMOpayHbl HayMHaeTcCA C MO 
MeHTa CpelHeamilepoHCKOoH TpaHcrpeccuu. B 9TO BpeMA MOABJIAIOTCA HM MIbILIHC 
paciBeTaloT HOBbIe posbl mMemewHmo, — Hyrcania, Monodacna, Pseudocatil} 
lus, Apscheronica (3,7). | 

Anamu3 reojlorduecKoH CTOpHH TJIMOWeHOBBIX OacceHHOB MOKAa3bIBaey 
cmenyiomee. Hopplii sTam, COOTBETCTBYIONIMH HauaJly allllepoHcKoro Beka, MIC 
mHeHwio H. MW. Anapycosa, B. II. Kouecuuxosa, K. A. Annsaye u Ap., HauH 
HaeTCA CO BPeMeHH, XapakTepH3ylolleroca MOMHATHeM B OOsacTH KaBKasa, 
HEKOTOPHIMH MorpyxXeHHAMU JtHa OacceHHa B Npefemax 1oxwKHOHK uacTu IIpuKac+ 
MMHCKOH BMaHHbl HW MOUTH MOJHbIM OMpeCHeHHeM aKUAarbIIbCKOrO O3epa-Mop4s, 
OWHakO BBIMeHa3BaHHbI Wpolecc He Halles] CBOerO OTPaxKeHHA B OCa,KOHAa 
KONJIe€HHM HM B pesemax cepepo-3amafHoro u ceBepHoro IIpuKacnua (*), HH Ha 
3HauMTeIbHOH uacTH AnmeponcKoro mowyoctposa ('). CiaOble yruoBbie He 
coriacHaA 9TOrO BpeMeHH 3adHKcCHpoBaHb! B AsepOalimyKane (°), Ha o. Uene4 
KeHe (1°), B 10ro-3anaqHoH TypKmenun (7). Ha3BaHHble ABJIeHHA He W3MeHHIM 
CYUIECTBEHHBIM OO6pa30M XOjla OCaLKOHAaKOMeHUA HM, riaBHoe, opraHwyecKord 
MHpa HMKHealllepoHcKoro OacceliHa MO CpaBHeHHlO C BepxXHeaK4arblJIbCKUM 
HvxHeaniiepoucKuit OacceliH MpescTaBAa COOOM peMKT akuarblibcKoro 6ac- 
ceHHa. 

SHaUNTeIbHbIe HM CYIIeCTBEHHbI€ H3MCHEHHA MpOMCXOMAT Ha TpaHule HWXK- 
Hero H cpefHero anutepona. Ilo qanubim B. E. Xanua (1'), Btopaa nonoBuHa 
HWDKHeaMlepOHCKOrO BeKa XapaKkTepH3yeTCA 3HAUMTeJIbHbIMH NOAHATHAM 
B OOacTu KaBKa3a, UTO IpHBesIO MeCTaMH K YCTAHOBJICHHIO TlepepbiBa B OCA, KO- 
HaKOMIeHHH, a B OOJIbUIMHCTBe CJlygaeB K OOMeJICEHHIO HHKHealMepoHcKoro 
OacceliHa; 9TO Ke BpeMA XapaKTepH3yeTcA yCHJeHHeM BY IKaHM4eCcKOH JeATeJIb- 
HocTH Ha Kasxase. Ha o. UemeKkene oTMeuaeTca peskKoe yroBoe HecormacHe 
MeXLY HWKHUM HW CpeqHHM anmtepouom (1°). IIpegurectByrouyve cpesHeallepox- 
CKOMY BpeMeHH J.BIDKeHHA BLISBaJIH B Mpeqemax [IpuKkacnua HoBy!o TpaHcrpeccuio, 
HacTyMeHHe BOX KOTOPOH COMpOBO*KLaOCb MeCTaMH MHTeHCHBHbIM Ppa3MBIBO 
paHee OTJO*KMBIUNXcaA ocaqKoB (A. B. Boctpskoxs u gp., 1954 r.). [lo-Buqu 
MOMY, HMeHHO B HayaJle CpeHero alMlepoOHa MpoucxoAuT HanOoslee peskad CMeH 
NaHAuiapTa WH KIMMaTH4eCKHX YCJIOBHM, TaK KaK OOHOBJIeHHe Ha3eMHON tbayHb 
MJI€KOMHTAaIOWMX MIpHXOLUTCA Ha rpaHuIly HWKHero HM CpefHero anuiepoua (*?) 

Bonpoc 06 W3MeHeHHM rpaHHlbl aKYAPbIIbCKOrO HM aMulepoHcKoro Apycon 
PaCCMaTPHBaJICA HEKOTOPbIMH UCCeOBaTeAMH C TOUKH 3peHHA OTHeECeHHA 
amimlepouckoro spyca ('%) uu BepxHel ero uactu (14) K ueTBepTHYHOH CHCTeMe. 
B. TT. )Kmxuenxo (1°) u Ap. BpicKa3piBaiHcb 3a OTHeECeHHe K 4eTBEPTHUHOH CH- 
cTeMe aKYaPrblIbCKOrO WM amulepoHcKoro ApycoB OBKCHHCKO-KacnuicKon 06- 
act. 

IIpucoequnasch K Mocdequeli TouKe 3peHHaA, C4MTaeM HeOOXOMMbIM Mepe- 
CMOTPeTb rpaHHIly Me*KLY AKYarblIbCKMM HM aMllepOHCKHUM ApycaMM, MOBbICHB e¢ 
K OCHOBAaHMIO CpesHero alluiepowa cyilecTBy10 el CXeMBI. 

Auaiu3 crpaturpapuyeckoro pacnpeqeneHua MUKpO- HM MakpoayHbl B He- 
Pa3pbIBHOM CBA3H C MCTOpHe MAMOWeHOBEIX OacceMHOB MOKa3bIBaeT, UTO HOBBIL 
9Tall B pa3BHTHM OacceHHa UM HaceABUIeH ero ayHbl HAYMHAeTCA .C MOMeHTA 
CpeAveaniiepOHCKoH Tpancrpeccuu. Hospi TeKTOHMYeCKHMH WHKM, COOTBeTCT- 
BYIOMMH allulepOHCKOMY BeKy, C/lekyeT, O“YeBHMHO, HAaYMHaTb C MOMeHTA all- 
INePOHCKOH TpaHcrpeccHH, YAHTHIBAA MpH 3TOM OMHO3HAYHOCTS B OMpeleteHuH 
Havaia WM KOHIla TEKTOHHYeCKHX ILMKMOB. EcaiM TeKTOHHYeCKHH WAKJ, COOT- 
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BeTCTBYIOWWMH AKYAPbLIbCKOMY BeKY, TaK Ke KaK M MocweLyOULMit Moce amuute- 
poHa OakMHCKH MK, IpMHATO CUHTaTb C MOMeHTAa TpaHcrpeccHu, To Hayao 
alllepOHCKOrO BeKa M0 CyiecTBylolleH CXeMe COOTBETCTBYeT KAKOMY-TO TPYHO 
ONpeAeUMOMy MOMeHTy perpeccuu, HayaBilelicA B BepXHeM akuarble H Mpo- 
MouwoKaBUIeHcA B HYKHeEM alllepoue. 

II[popeyeHue rpaHHbl MexKy ak4arblIOM HM alluiepoHom mo cxeme B. IT. Ko- 
JIECHUKOBOH Hp. ABJIAJIOCh OTpaxKeHHeM OMpeseseHHOrO ypOBHA HallIMx 3HaHui 
MO CTpaTurpapuM BepXHeNJIMOMeHOBLIX OTJOKeHHA KacnuiicKol oOmacTH. 
B HacTosiee BpeMA B. pe3yJIbTaTe MUKpodayHHcTHyecKHX Ucce,oBaHHH, 
MOKAa3bIBalOlNMX TPYAHOCTb yCTaHOBJIeHHA FpaHHIbl MexKAY aKk4arblioM HM all- 
MIepOHOM IIo cyillecTByrouleH cxeMe, Ha3pesia HeOOXOMMMOCTb ee YTOUHEHHA. 


Hay4Ho-HcceqOBaTeIbCKHH MHCTHTYT reolorHu Tloery mH10 
mp CapaTosckom rocyapcTBeHHOM yHUBepcuTere 7 VII 1960 
um. H. I. Uepupmmescxoro 
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Jl. B. KOMJIEB, A. J]. MAXAJIEBCKAS u C. H. HAHWJIEBHY 


0 BO3PACTE WEJIOUHbIX HHTPY3HH XHBHHCKHX 
MU JIOBOZEPCKUX TYHP (KOJIBCKMM MOJTYOCTPOB) 


({Tpedcmaeaeno akademukom A. A. Iloakanosom 9 VIT 1960) 


Benuuyalimme B MMpe WlesOFHbIe MHTPy3HH HedeMHOBbIX CHeHHTOB X MONA 
cKux u JloBosepcKHX TYHAP pacnomowKeHbl B WeHTpasbHOH uacTH KovpeKore 
MoslyocTpoBa HW mpHypouenpi, mo A. A. TlonkaHosy (!2), K MexcbopMal.HOHHOM) 
TEKTOHHYCCKOMY KOHTAKTY apxeA H MpoTeposos. 

BospactHoe nmojowKeHvHe HHTPpy3HH ocTaeTCA HeOMpeevieHHbIM, XOTA elk 
B 1896 r. B. Pamceit ('4) orHec Bpema Hx dbopMupoBaHua Kk JeBouy. H. I. Kaci 
cuu (°) u B. M. Kynuerckun (7) oTHeCIM MlesOUHbIe MHTpy3HH K Trpynne Ka 
jiefoucKux. A. A. TlomKaHos (1%) BbICKa3aJI TIpesMosox%KeHHe O TepUMHCKOM BO3 
pacte HebeJIMH-CHe€HHTOBbIX MHTpy3HH XwOvHCKHX UH JIoBO3sepcKHX TYHAp Til 
aHaslOrHH C HIeOUHbIMH MAHTpy3HaMu paliona Octo B lOxHon Hopserun 
B 1935 r. B ceBepo-BocTouHOH uacTH MaccuBa JloBo3epcKuX TYHAp cpequ Heme 
JIMHOBbIX CH€HHTOB ObIIH OOHAPYKeHbI KPyNHble KCeHOJMTEI KpOBJH (4), Mpes 
CTaBJICHHbI€ OPOTOBHKOBaHHbIMH TeCdaHHKaMH, TvJIMHMCTbIMA TY@OreHHbIM| 
caHiaMu MW adiPy3HBamu, coflepKalMMu oTMeyaTKH dviopHl. Ilo onpelereHuy 
A. H. Kpumrodosnya (8) 9TH oTHeNaTKH bopbl IpHHaLWeExKaT KpyNHbIM [peso 
BUHBIM paCTeHHAM BepXHero JeBOHA HIM HM KHETO KapOona. 

Takum o6pasom, ObIlI yCTaHOBJeH MOCeeBOHCKMH, TepIMHCKHH, BO3spac’ 
MHTPy3HH HedeJIMHOBbIX CHCHHTOB. 

OHakO BepXHAA BOSpacTHaA PpaHHlla HX OCTaBaJlaCb HEACHOM M JIMIb Cd 
BePpIICHHO MpOBH30pHO HaMeualacb KaK TepMo-KapOou. : 

JI. B. Komnes u 9. K. Tepauur (°) clemanu nompirky onpesemenua a6cd 
JHOTHOrO BO3pacTa JWIX HeEKOTOPbIX MHHepaioB H Nopok XWOMHCKUX TYH 
C MOMOUIbIO rewMeBoro MeToya. Han6onee MOAXOAUIMM AIA STUX Lele OK4 
3aJICA MHHepad JIONAPHT, THTAHO-HHOOAT peAKUX 3eMEJIb M3 PpyIMbl MepOBCKUTA 
o6safarouyu mioTueHwWelH ymakOBKOH MOHOB B KpHCTaJJIMYeCKOM CTpyKTyp\ 
Bp onpeseeH Bospact JionaputTa B 280 mau. meT. OusuKO-xHMMYeECKOe 13} 
yeHHe slonaputa, BbINoHeHHOe 9. K. Tepauurom, noka3ajo0 xopoLly1o cd 
XPaHHOCTb pajlMoreHHoro reJMA B JIOMapwTe HU, TaKHM OOpa3s0M, MO3BOUA 
CUHTATb TOJIYYeHHYIO WHdpy BecbMa OM3KOH K JeHCTBUTeIbHON. 

Heckompko nosquee 9. K. Tepauur, JI. B. Komaes, K. H. Coxosopa | 
B. IT. Bapkau (?) npopenu onpegzenenve Bospacta sonaputos JloBosepcKy 
TYHAp Ha MaTepHalax xyfluero KayecTBa B OTHOMeHHM COXpaHHOCTH reiHA 
NOYYHH Oolee HH38KHe 3HayeHHA (231—266 maH. seT). | 

OjHospemenno B. M. Tepmaxospm (!°) Obl Hcob30BaH CBHHILOBBIi M| 
TOM JIA JIOMapHTOB WH JIOBYOppHTOoB XHOWH Ha MaTepHasiax JI. B. KomuieB} 
TlonyueHHbie BospacTHble JaHHble OKa3a/IMCb BeCbMa MpoTHBopeunBEnu. JL 
JONAPHTOB ObIJI yCTaHOBJeH PaKT 3HAYHTEMbHOFO 3AXBaTa MOCTOPOHHEro CBHHIL 
NPHBOAMBUIMH K aOcypHbIM BospacTHbIM 3HayeHusM (1040—1470 man. 
10 OOWeEMy CBHHILy). 

Bospacruble 3HayveHHA JIA JOBYOPPHTOB ObIIM 3HAYMTeEbHO HYDKE M Bap} 
MpoBaIM B Mpefesax 380—520 man. set. EctecTBeHHo, Te HM Apyrue WHdppl 
MOFJIM ObITb HCHO/Ib30BaHbI KaK MOKasaTeIH BOSpacTa MUHepasioB 6e3 H3OTO) 
HOrO KOHTpOJIA CBMHILAa. 
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_ 9. K. Pepanur(*) onpegxerua Bospact nosesoro uimata u3 nermaTutoB Xu- 
OMH aproHOBbIM MeTOJOM HM NowyuHsa 3HayeHue 275 MH. eT, paccuHTaHHoe m0 
CTapoH KOHCTaHTe (mo HOBO KoHcTaHTe 300 Man. set). Tak Kak aHamH3 He Co- 
MpOBOAAANICA M3OTOMHBIM KOHTPOJIeM BbIeJIeHHOrO aproHa, a 3HaveHHA BO3- 
pacta, Momy4eHHble Ha MOJMeBbIX WMAaTaX, OOBINHO ABJAIOTCA 3aHWKCHHBIMH, TO 
CaM aBTOp He peKOMeHJOBaI CBOIO ILMdpy BospacTa paccMaTpHBaTb Kak BIOWIHE 
HajlexKHY10. 
. B 1959 r. ObiiM ony6nKoBanbl ('') HOBbIe BO3pacTHbIe LaHHble, onpelesieH- 
Hble MO CBHHILY, Aid MHHepaoB XuOuHCKHX u JloBosepcKUX TYHAp, MoyueH- 
‘|Hble PCHTTeEHOCHMeKTPaJIbHbIM MeTOJOM, Oe3 H30TOMHOTO KOHTpOA cBuHIAa. Jha 
6 oOpasiiop TopuTa u | o6pasya TopHeBoro anaTuta JloposepcKoro maccuBa 
NOJIY4YeHHble 3HaAYeHHA BapbupyioT BUpesxemax 357—400 mau. mer. JL1a ofHoro 
oOpasila MpHHuTa XMOMHCKUX TyHAp onpeyeseH BospacT 312 maH. wer. ABTopH 
IipHuuMarorT Bospact Jloposepckoro maccuBa 3a 370 MAH. JeT H emaroT Ha 9TOM 
| OCHOBaHHM pA OWIMOOUHbIX TeOIOrHueCKHX 3aKJIOUeHHIi O CHHXpOHHOCTH ui 
KOMArMaTHUHOCTH IeOUHbIX MACCMBOB He TOJIbKO XMOMHCKHX UH JloBO3epcKUXx 
TYHAp, HO M yJIbTpaccHOBHEIX MaccuBoB AdpuKanbl, OsepHot Bapaxu, Byopu 
Sippm uM flake Kelis, CBA3bIBaA MOABJIGHHe HX C KaJIelOHCKHM OporeHesom. 

CnefyeT OTMeTHTb, 4YTO BO BCEX YMOMAHYTbIX BbILIe paGoTax BO3pacTHOe 
TOO*KeHHe WIEOUHBIX MHTPy3Hi HHTeplpeTHpoBaOch C MO3HIHH CTapol yKo- 
poueHHOH wiKaibl A. Xowmca, KOTOpad, Kak 9TO Tellepb HCHO, HeBepHa; 
B TOCMeLHHe FOWbl OHA NOMBeprlacb 3HAUHTeJIbHbIM H3MeCHEHHAM. 

Jia yTOUHeHHA BOSpacTa WIeOUHbIX MaccHBOB XMOWHCKHX MU JloBosepcKHx 
‘TYHIp HaMH OblIM H3y4eHbI C MOMOMIbIO CBHHILOBOrO H3OTOMHOrO MeTOJa OHH O6pa- 
3ell OY€Hb CBeE*KeErO MACCHBHOFO JIOBYOPPHTAa M3 NerMaTHTOBOH *AKUIbI Fr. ByAbABp- 
yopp, XuOuHcKOorOo maccHBa H OHH OOpasell JonaputTar. Ausyais Jlopo3epcKoro 
‘MaccHBa (KOHIeHTpaT 3 JIOMAapHTOBLIX JIYABPHTOB). 

Paywoxumuueckve J\aHHble, HB30TOMHbIN COCTaB CBHHIla, BbIeJIeHHOrO 43 
MHHepaJioB, H BO3pacTHble aHHble npuBeseHb! B Tad. |. M3 Ta6MUbl BULHO, 


Davo wert aval et 


CofepxanHne, % Mso0Tronnpilt cocraB CBHHILa 
Munepaa 
Th U Pb Pb? | Pb» | Pb | Ppb28 
Jlopuopput 
\. (Xu6Ounckue TYHAppl, nermaTuT : ; + 
r. ByfZbaBpyuopp) 0,53 10,083) 0,011] 0,188] 48,70} 5,65} 100 
Jlonaput 
(JlopozepcKHe TYHAPbl, KONLWeHTpaT H3 ; ' My he 
JONApHTOBHIX JyABpUTOB Lr. Awsnyals) 0,56 |0,015]0,018)4,04 | 23,53) 16,35) 100 
5, 
(1poyoukKeHne) 
a BospactTuple SHAUCHHH, MJIH, JICT 
‘ y IIpumecb 
Munepaa OOBIKH. Pb28 1P}oR Pb2% P5202 
Pb, % These 238 U2 Pp» 
_Jlopyopput 
(XwOnHCKve TYHAPbI, MerMaTHT r vis 
r. ByapaBpuopp ono 280 | 290 318 630 
onaput 
(JloposepcKue TYHApbl, KOHWeHTpaT vt 
H3 OMapHTOBLIX yABpuToB r. AayauB) 54,1 303 | 298 |ou. Majo] o4. Maso 
Bospacr wesounpix unTpysu Xu6unckux u JIoposepcKux TyHAp 290410 man. set. 
TlonpaBounbilt CBHHEIL Pp204 Ph206 Pht Pp208 
_Cpeauee u3 6 ranenutTos wenouHnbIX HHTpy3uli i 18,05 15,70 38,44 
Tepuuuckuli pyaupiit cauney (mo A. II. Bunorpagosy) 18,16 15,70 38,17 
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4TO B CBHHIe U3 JIOMAPHTa OKa3aJiaCb 3HaYHTeJIbHaA NpPpWMecb OObIKHOBeHHOrO: 


cpunua (54,1%), B TO BpeMA Kak Ia NOBYOppHTa Bcero 8,9%. 
JIA BHeECeHHA MompaBKH Obl MCMOb3OBaH H3OTOMHBIN CocTaB CBHHIa U2 


6 rasleHHTOB Tex 2Ke leIOUHbIX MaccHBoB — no JanHpim A. IJ. Bunorpagospa 


onecotps (im, HapGyrr venpie(e) 

Suauenus Bo3spacTa 0 raBHbIM M30TONHBIM oTHOWeHMAM P?°8/Th?* vs 
Pb?°%/U2%8 oxagancb BeCbMa OJIM3KHMM, COCTaBJIAA JIA JOBYOppuTa XHOuH 
280 u 290 man. eT HU 2a nonaputa JloBosepa 303 u 298 MH. eT COOTBeTCT- 


BeHHO. 


MoxxHOo C TMOJIHBIM OCHOBaHHeEM IIPHHATb Bo3pacT XuOuHCKOrO H JloBosep- ~ 


CKOrO MaCCHBOB OMMHAKOBbIM UH paBHbIM 290-++10 man. wer. 


Takum o6pa3om, Bo3pacT 280 MJIH. JleT, NOJYYeHHbIN paHee TesIMeBbIM Me- — 


Toom, HM 300 MH. eT 10 aproHoBoMy MeTOAy — BeCbMa OJIM3KM K HCTHHHOMy. 

YuNTbIBAA COBpeMeHHbIe, Oovlee OOOCHOBaHHbIe JaHHble LWIKaJIbl aOcovoT- 
HOFO FeOsOrMYeCKOrO BPeMeHH, MbI OJDKHbI OTHECTH HHTpy3Hi0 HedevIMHOBBIX. 
cHeHuToB XuOvncKnx u JloBosepcKUX TyHAp K rpynne mepMO-KapOOHOBbIx 
B TIOJIHOM COOTBeTCTBHM c mperctaBneniamu A. A. TlonKanosa ('*). B To xe 
BpeMA IIeJIOUHbIe YJIbTpaOCHOBHble HATpy3HH AdpuKanyb, Jlecnoh u Osep- 
Hoh Bapakv, Id KOTOpbIX MO YTeJIHeBOMY MeTOAY TowyyeH BOspacT 
300 MJIH.JieT (°), ColeqyeT, MO-BHAMMOMY, OTHOCHTb K rpynme paHHerepIlHHCKHx,,. 
HHKHEKap OOHOBBIX. 

Kak uspectuo, A. A. TlomkaHos u 9. K. Tepamur (1%) aia mlesouHbIx rpa- 
HHTOB Kens, B WeHTpasbHOM yacTH KowbCKOrO NOJYOCTpoBa, yCTaHOBMJIH 3Ha- 
YHTeNbHO Coulee WpeBHU BospacT — nopsgzKa 1600 mun. net. Takum oOpasom,. 


———— 


INeOUHbIe AudpepenuuaTbl Ha KojbCKOM MOJIYOCTpOBe BECbMa CHJIbHO pa3Jiv- — 


yaloTCA 10 BpeMeHU CBOerO (POpPMHpOBaHHA WM He MOTYT PaCCMaTPHBaTLCA Kak 
MIpecTaBuTeH eMHOM KOMarmMaTHyeCcKOH cCepHu. 


Tlocrynu10 
7 VII 1960 
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PEOAOTH fl 


E. B. MAKCHMOB 


CTAAMAJIBHbIM XAPAKTEP OTCTYNAHHS 
BROPMCKHX JIEMHHUKOB B JOKYHIAPCKOM AJIATAY 
M B HEKOTOPbBIX JPYFHX FOPHbIX CHCTEMAX A3HH 


(IIpeccmaenexo axademuxom A. A. I pueopveesim 21 IV 1960} 


Bonpoc! o uvcye, pasMepax MH XapakTepe ApeBHHX omefmenenui B J]aKyH- 
‘apcxom AviaTay He pa3 oOcyxKanca B mMTepatype. Pa3nunbimu uccsieloBa- 
eJIAMM BbI-eAIOTCA OT 2 No 4 ApeBHHX OveeHeHHH. OcoOeHHO ABCTBEHHbI 
Jleibl MOCefHerO BIOPMCKOTO OVIeeCHEHHA, WIMpOKO ‘pacnpocTpaHeHHble BBILLe 
(000—2300 mo. 

Misyuaa cylefbl ApeBuero osleleHeHHuA B Oacceline p. Jlencpi, I]. A. Uepkacos 
1) TIpMiel K 3aKJIOUeEHHIO, 4TO OTCTyNaHHe JIe€MHHKOB Mpolimo uepes 
| CTaqMH, CHHXPOHHBIX CTaHAM OTCTYMaHHA ApeBHHX JieqHHKOB B Ambmax, Ha 
LextpajbHom Kaxska3e, B Savaulickom Anatay uv Ha Antae. Kak u3BecTHO, 
TH CTaquu OTpaxkatoT 1850-neTHHe PHTMbI H3MeHYMBOCTH OOIeH YBaxKHEHHOCTH 
faTepHKOB, Mpeqvaraemple A. B. UWlnutunkospim (1, 1°), 

Bo Bpema wccyleqoBpanui B 1957—1958 rr. Hamu Obl CoOpaH MaTepHas m0 
|peBHemMy OvleqeHeHHIo OaccetiHoB | Tenteka wu Buena. B fomMHax OO60nx Oac- 
eHHOB, BbIe 2000—2200 m, caembl ApeBHero OvleeHeHHA BCTpeualoTcA M0- 
icemecTHO. Bpiie yKasaHHOrO Mpesea B TpOroBbiX JOMHAX OObIMHBI ApeBHHe 
OHeYHbIe MOpeHHI. B OAHHX JOJMHAX MOXKHO MpoceqHTb BCe 6 KOMIIJICKCOB, 
ApyrHx COXpaHHJIMCb TOJIbKO HEKOTOPHIe. 

Ja BCeX KOHeCYHBIX MOpeH HaMH Oblyia paccunTaHa JlempeccHa CHeroBol 
MHMM MO H3BecTHOHK dbopmysie JI. A. Bapgananua (?): 


wants La 
AH = (H+ =) 


HecMoTpéA Ha W3BeCTHYIO NpHONHKeHHOCTh YKa3aHHOrO MeTO/a, YeETKO BBI- 
eus0cb 6 HHTepBaJOB JelpeccHH CHeEroBOH JIMHHH, COOTBeETCTBYIOWIHX 6 cTa- 
MAM OTCTYMAHHA JIeEMHHKOB (cM. B TaOs. 2 cragun II—VII). I[puOnusntenbHo 
0% BBINHCNeCHHBIX BeIMYMH nonaflaioT B yKa3aHHble mpefebi. Pesyaptathl, 
OlyYeHHbIe HAMM, TpakKTHYeCKH MOUTH He OTVIMYAIOTCA OT pesybTaTOB Uep- 
acoBa (°), 

M3yyenue autepatyppt no JbKyHrapcKomy Asatay ((',4,7,'3,74,1) mw ap.). 
D3BOJIMJIO MOUTH MOJHOCTbIO BOCCTAHOBHTb MOJIO%KeHHe H BHICOTY CTAaHaJIbHbIX 
opeH Avia WomuH Kopp KapataipcKon, Koxcy u Axcy. py6as opventTuposoy- 
DCTb B ONpefeseHHM JenpeccHH CHeroBOH JIMHHM AA MOpeH STHX JONMH He 
DMelilajia MOJYYHTb pe3YJbTaTbI, COBepWIeCHHO aHaJIOrM4uHble OaccelHam 

Teuteka u Buena. 

V3 psa padotr, cpequ KoTopbix HaHOoylee NOHaA CBOAKa JaHa B padoTe 
. B. Wsutunxora ("'), mp 3Haem, uTO B Aubmax, Ha Kapxase u na Auitae pe- 
acTpupyetca WIM Mpesnonaraetca He 6, a 8 cTamMvH OTCTYMaAHHA BIOPMCKHX 
24HHKOB. OTu 8 cTauii BOWE CormacyIoTCA C PHTMAMH H3MeHYMBOCTH OOUIeli 
3JlaxKHEHHOCTH MaTepHKOB ceBepHoro Moyuapua. Mbi mojlaraem HenpaBusb- 
aIM CUHTATb, YTO ABJICEHHe, 3AKOHOMepHoe JIA BCero CeBepHOrO NoJyuapHus, 
Ka3aiocb HexapakTepHbim Jia JiKyHrapcKoro Anatay. 

_ B mpouecce pa6oTb! Ha u3yyeHHeM ApeBHero ovefeHeHusn JKyHrapcKoro. 
jaTay Mbl yCTaHOBHsIH, ITO OGe AKOOLI «HeOcTaioulve» cTralquu B J>KyHrap- 
17 
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ckom Auatay B jleHcCTBHTebHOCTH OblM. Oxkasanocb, 4TO B jomHHe KoKcy 
perucTpupyloTcaA OCTaTKM BepXHeyeTBepTHYHOrO Tpora 3HaYHTeIbHO H¥2Ke MO- 
penbi craguu I]. B qomune Kopbl coxpaHuuicd He TOJIbKO Tpor, HO HasHO U 
MopeHa cTajluu, mpekutectBoBaBmiel craquu II. B Oaccetive Buena Takxe ycTa- 
HOBJICHbI OCTATKM TpOroB MOCJeLHETO OJIeeHeEHUA, 3HAYMTebHO HMKe OOMACTH 
paciipoctpaHeHux mopeH ctayun II. 
B 9ToM Ke  OacceliHe BCTpeyeHbl 
CpaBHHTeJIbHO MOJIO{bIe Kapbl, HH- 
Ula KOTOpbIX 3avleraioT Ha BbICOTEe | 
2200 Mm, T. e. Ha 1250 mM HwKe- 
B00 4 COBpeMeHHOH  CHeroBoh TpaHHI{bl. 
Yka3saHHble QaKkTbl, a Take 
PA ApPyrux pwBesH Hac K BbIBOLY, 
4TO B MepHO BIOPMCKOLO ONeeHeHHA | 
OblIo elle Be CTaMH OTCTYNaHHs - 
J@qHUKOB. Bo BpeMA 93THX cTaqHit | 
JeMHUKH CIYCKaMCh SHAT bHO- 
HWKe JIeEMHHKOB cTaquHn I] uw QocTu- ~ 
Ml yan 3HauvTembHO OOuIbIIMX pa3Me- 
HOAs 8 j 0 gys.p0OB. B oOulem STH Be cTaqMu ]oO-— 
AbromomHaR TpoHONo2usa G MbicAyar Nem BOJIbHO YETKO JatoT Aelnmpecchr1o CHero- 
Boh WHHHH B Y9DO0—1000 u 1100— 
Puc. 1. 3aBucumoctb fenpeccuH CHeroBoli JH- 130) yy MH, OYCBUHO, CHAXPOHHEI CTa- | 


HHH OT PakTopoB 1850-seTHHX PHTMOB AIA Oac- nil M 
ceiHos I Tenteka, Axcy, Buena, Kopp u Kox- AM AM JiMpeH M AKCHMYM BIOPMa | 


cy. @—selHuHHa wenpeccuH MaxcumMymMa- B Aumprax. 
BIOPMa B QwbOypce, noslyyeHHaA MeToZom Bap- TloutTv Qwist KaxkoOH u3 8 yKa3aH- 
WaHAHWa MO MaTepHadiam Bo6eka HbIX CTaluit B OacceiiHax Buena u 
] TeuTeka OKa3aI0OCb BO3MOKHBIM | 
OMpeeIHTb CpeqHve BeEJIMYMHBI JempeccuH cHeroBoH HHH (AH, M), BBICOTHI | 
KOHe4HBIX MopeH (M, M), QIMH [,peBHUx Jle,HUKOB (L, KM) UM BBICOTHI J peBHel | 
CHErOBOH JIMHUM (~, M) (Ta6u. 1). | 
vj vienenmaige pe3yJIbTaTbl Obl MomyyeHbl Wid OacceiHos Koxcy, Kopp 
u Axcy. 


ao maiar! 


Baccetiv Buena Baccetin I Tenteka 
Craqua 

AH M | Ik | © AH | M | E | ) 

MB (Makcumym Bropma) |~4200} 1200—1300 |37—40) 2250 ? ? ? ° 

I (Lauper) ~990| 1500—1600 | ~22 | 2460 ? ? ? ? 
Il (Ammep3ee) 719) 2030 12,6 | 2730 | 699 | 2190|16,5| 2760 
III (Bron) 500 2505 Oye) | ASYAG) Ie BPA | ZION Pa) PR PAO, 
TV (Curmutn) 362 2740 8,0 | 3080 | 341 | 2740! 6,8} 3100 
V (Hayy) ) 178 2980 HEY | BYALA || aifisy || PAO CASTE Svar 
VI (Sresex) 93 3050 3,4 | 3360 98.2975, | Sy 2Ne 335 
VII (®epnay AA 3080 2,8 | 3410 44 | 3041} 3,7] 3400 


Ha puc. 1—3 noka3anbl CBA3b JeMpecCHH CHeErOBOH JIMHHH OTebHBIX CTA-| 


TUX PHTMOB. 

Bce KpMBble HMeI0T BIIOJIHe 3AKOHOMepHBIii XO, M TEM CaMBIM MOTBEp2K alot) 
paBHJIbHOCTb MOJOxXCHHOH B WX OCHOBY HeH O B3aHMMOCBASAHHOCTH CTaqaJlb-, 
HOrO XapakTepa OTCTYMaHHA sIeqHUKOB c 1850-neTHHMM PHTMaMH H3MeH4YHBOCTH 
oOmleH YyBJIaxKHeHHOCTH. 

ConocTaBieHve OTIeIbHBIX CTaMMii OTCTYMaHHA BIOPMCKHX JleHHKOB) 
8 Aupnax, Ha KaBkas3e, Ha Aurae ¥ B cepepHom Taub-Iane Gannuiickuit n) 
Jb«yHrapckui Auatay) cTano B M3BeCTHOH cTemeHH OOULMM MeCTOM B HayKél 
((‘°°!?) w ap.). YKa3saHua o 8 cTaqMax OTCTYMaHUA BIOPMCKOFO JIeHHKAa MOXKHC), 
HaHTH TakKxKe B paOote Bobexa (!5), MocBAMeHHOH eqHHKOBOMYy TMepvosy B ce-) 
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Bepo-sanafiHom Mpane. Jlia Oaccelina pp. Toxan u Kaan B Q1b6ypce BoOekom 
ycTaHOBJIeHbI JelmpeccHH CHeEroBOH JIMHHM Ja Bcex 8 cTaqun. BesM4HHbI Je- 
TipeccHH, MoyyeHHble BoOekom, Oplin HaHeCeHbI HAMM Ha rpaduK (cm. puc. |). 
Kpxpaad, NocTpoeHHas M0 3THM TOUKaM, BMOHE 3aKOHOMepHa HM aHavlorMuHa 
KpuBow Aaa JKyxrapceKoro Aua- 

Tay. Craquu VII, ViuVcosnanu 2” 4m 

NOWHOCTHIO. OcTaJibHble MATb cTa- 

AWM faH M3BeCTHOe OTKJIOHeHHE. 
Bo6ek MOMCuMTHIBA BeJIHOHHbI 
jlempecewu metoyom Tecepa. JIua 4440 
‘OMHOFO CTyYas, A MMCHHO WIA Jo- 

avHbt Bapwpa, yasoch moycun- 

TaTb +BeNMYMHY Jempeccun WA 
‘Makcumynma BiopMa MeTosoM Bap- zu 
Jlananita. Hamu Opijia Bowe Ha- 
exKHO TowyyeHa BesIMUMHAa B 
1100—1200 m. Bepostuo, u oc- 
Tasibuble 4 cTayquu Mp mepecuere 
mMeTojom Bapjananua (ecu Opt 
MMeJIMCb HeOOXOUMbIe jJLaHHble) 
amu Obl BeTHUMHbI, OTH3KHE Be- 
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avanHaM, WoryuenHiM Ata TDKYH- — jypy| MB b + pen 

rapcxoro Auatay. Qo ns 8 4 Oo, ud 
H. JI. Kopxkenescxuit (*) aaa Abconwunon rporonoeua 8 moiceAy¥az nem 

| pe cKoHa SaalalicKoro Puc. 2. 3aBHCHMOCTb COCTOAHHA eqHHKOB Buena 

XpeOta BHIBM 4 cTauH oTcTyMa- (/), | Tenrexa (2), Axcy (3) 1 M. Baxcana (4) or 

HHA WpeBHUX JIETHHKOB. Tlempec- 1850-1eTtHHX PHTMOB. a — BbICOTAa KOHEUHEIX MO- 

CHU CHeErOBOH JIMHMM BbIPasHJIHCb peH, 6 — WIMHa JeHHKOB 


B cmelyroulux BemHunHax: 540 u 

502 m — I cragua; 400, 319 u 310 m— II cragua; 300 u 271 m —III era- 

gua; 202 wv 150 — IV cragua *. [Jia toxwnoro ckmoHa AuaiicKoro xpe6ra, 

no Kopskenepckomy, jlelpeccua CHeroBoii JIMHHM MaKCHMYMa WI€qHUKOB Jpes- 
; Hero (BlopMcKoro. —E. M.) one- 

JI@HeHHUA cocTaBua 1297 m. 

B pa6ote P. JI. Sa6uposa (*) 
NIpUBeeH UPesBbI4aHHO OOUIMPHbIli 
MaTepHall 10 peBHeMy ovleqeHe- 
HuIO T[Jamupa. Ectb yka3aHue o 
Tak Ha3bipaemou XUpcqapwucKoli 
base, CBASAHHOH CO CpaBHUTebHO 
HeqaBHUM UCTOpHyecKHM Bpemerem 
WM larouleH B WesOM Rempecccuio 
50—70 m (VII, T. e. cragqusa 
«X VII—XIX Bs.»). Ects ona pe- 
ane ; } Doug  SIWUMHA Jempeccuy, paBHas 150 om. 
t Abconomuan Ipononoeun 6 meicayacx nem B ocTaJIbHOM pay BeH4uMH (cBLI- 


7” 


Bred. 3 se 4; me 40) Ha raa3s BbEIensetTca 5 
PCE hi ABHCHMOCTb COCTOHHHA JICAHHKOB IKOKCY = & 
(7) 1 Kopi (2) or 1850-nerHux puTMos. a uO (pokycoB, K KOTOpBIM , PATOTeET 
) TO Ke, TO Ha pue. 2 OOJIbLIMHCTBO HempeccuH: OKOJIO 


. 350; 450—500; 650—700; s00— 
~ 850 u 1100—1200 . 

_ Cymmupys fannbie KopxkeHeBckoro H Sa6upoBa, Mbi IpMXOAMM K BBIBOILY, 
ayo Ha Tlamupo-Asae npoaBuica ToT *Ke crayMalbHblii XapaKTep orctynanna 
BIOPMCKUX JIeqHHKOoB, uTO UB JbKyHrapcKom Anatay. Hanumo 7 craquii us 8; 
fOj, BOMpocoM ocTaeTcA TobKO cTaqua VI. 

) B.B. Pesuuyenko (*), u3y4aBuIM ApeBHee ovleqeHeHHe ropHoro y3ua Xau- 
Teurp#, Bbienun 4 cra oTcTymaHusa BlopMcKUX JeqHHKOB: Maxkcumym Biopma 


_ * Mbr mogaraem Govlee meecoo6pa3sHbim OObeguHenue IT n IIT craguit. 


" 
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c JlempeccHeH CHeroBol JIHHMM B 850 m, Tummutn (?) c fempeccvelt B 530 mM, 
Broub (2) c dempeccuelt B 460 m u JfayH c Jempeccnelt B 180 m. Mcxomqupim mMa- 
TepHaJlOM WIA ONpewesenusA Nelpeccuit CHeroBOH JIMHMM NociyxUNa BbICOTA 
HM, MHOFOUMCJICHHBIX KapoB. 

Bcero PesHuuenko yuen 52 Kapa; H3 HMX 3 OH CuHTaeT puccKHMy (°), 
a BBICOTY Huu, 7 KapoB OepeT B CKOOKH, T. €. COMHeBaeTCs B LOCTOBepHOCTH 
9THx BemMuNH. Jl ocTalbHbIxX 42 KapoB HaMM Oba BHOBb MOCUuTaHa jle- 
npeccus CHeroBoli JIMHUM (BbICOTa COBpeMeHHOM CHerOBOH JIMHUM ObWIa TpH- 


HATa, Kak WH y PesHwyeHKo, paBHow 3805 Mm). Bpiu nomyyeHbl cuefyroulMe pe- — 


3ybTaTbl: 2 Kapa NoKasaiu Jenpeccuro B 1056 u 1162 m; 4 Kapa noKasaM je- 


mpeccuio B UHTepBale 780—970 mM; 3 Kapa—B uHTepBane 649—697 M; 6 ka- 
poB — B uuTepBaie 510—550 m; 13 Kapop—s uuTeppane 338—407 m; 
5 KapoB —B uHTepBaie 156—214 m; 2 Kapa 80 mu 67 M.7 kapos, wan 
Tombko 16,7%, ja BeIMUMHEI JelpeccHH, 3aHvMalol{ve MpoMexkyTOuUHOe 
MOJOKeHHE MEKLY yKaSaHHbIMH WHTepBaylaMH, WH He Ob NPpWHATHI B pacuer. 
Benwunubl Jempeccui CHeroBol JIMHHM (B MeTpax) MO CTaqwAM JIA HeKOTO- 
pbIX TOPHBIX cHcTem ASHM IIpHBeyeHb B Tabu. 2. 
Ta6auna 2 


Ayurapexuit | Llestpanbupit 


Craqua Anatay Tanb-[laup | /lamupo-Anatt Sun6ype 
MB (Makcumym Bropma) | 1100—1300 | 1060—1160 | 11400—1200 | 14100—1200 
I (IU.aupen) 900—1000 | 780—970 800—850 700 
I] (Ammepsee) 630—760 650—700 650—700 450—500 
Ill (Bron) 500—560 310—550 450—500 300 
IV ((usnty) 300—400 340—410 Oxomo 350 250 
V (ayn) 150—200 160—210 Oxoso 150 170 
VI (Sresen) 80—110 70—80 ? 100 
VII (Mepnay) 30—60 ? 50—70 50 


ConoctapyieHve MaTepHaoB no JbKyHrapcxomy Awmatay, Tlamupo-Auaio, — 


LlentpabHomy TsanHp-lanio u Onb6ypcy NoKasbiBaeT, 4YTO CTaMasbHbI Xa- 
pakTep OTCTYMaHHA BIOPMCKHX JIe€AHHKOB, BHe BCAKOrO COMHeHHA, eMMH 
CTporo 3aKOHOMepeH. 


[]pumevanue npu Koppexmype. Jlerom 1960 roqa aBTop u3yyan ApeBHee 
ojleqeHeHue B Oacceive p. Meccpix-Atpr B Kupru3ckom Asatay. 3yecb Takxe 
yWalocb TBepqO YCTaHOBHTb 8 PHTMOB B OTCTYMaHHH BIOPMCKHX Jie qHHKOB. 


O6OuapyxXeHbl KOHCUHbI€E MOPeHbI JBYX «HavGosee COMHHTebHBIX» cTaqHi — 


Maxkcumyma pBropma u I. Jlenpeccuu cHeropolt AMHHH JIA STHX CTaqul, npes- 
BaPHTeJIbHO PaCCUMTaHHbIe HaMH, OKa3anucb paBHbimMH 1100—1200 m qua 
craqyuH MB wu 900 m gaa cranny I. 

Takum 06pa30M, BbIBOLbI Halle paOorTbl Hallman cede HOBOe MOATBeEpAse- 
Hue B KupruscKom Asaray. 


Ilocrynunio 
19 IV 1960 
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Aokuane Akagemun nayr CCCP 
1961. Tom 136, Ni 1 


PEQOJIOCTH A 
H. Jl. MATBHEBCKAS 


OCHOBHbIE 4YEPTbI TEKTOHHKH OCARXO4UHOLFO YEXJIA 
IOKHOH YACTH MEYOPCKON JIEMPECCHH 


(I]pedcmaeneno axademuxom H. C. Ilamcxum 4 VII 1960) 


Tlegopckas Jenpeccua ABJIAeTCA OHHM H3 OCHOBHBIX CTPYKTYPHBIX 3JIEMEHTOB 
Tumano-Ilesopckoi HedterasoHocHoh TeppuTopuu. Ona pacnosoxena B Mpe- 
Wemax ceBepo-BOcTOuHOrO BHellHero yrvia PyccKow muatmopmbl, Mexnzy Tu- 
MaHOM Ha sanaje u [leyopckon rpsagon u Iipeqypaibckum nporu6om Ha BocToKe, 
M B COBPe€MEHHOM IlvlaHe MpescTaBuAxeT CoOOK O4eHb MOMOry1o NNaTPopMeHH y1o 
BaiwHy Cc riyOMHaMu 3asleraHHA cyHAamenta oT 1200 go 3000 m u Gonee (3). 

TOxubI ee OopT, OpHeHTHpOBaHHBIi WIMpOTHO, M 1oro-3anaHbIi, MOUTH 
MeCPHAMOHAJIbHBIN, MepexoAAWMA TO BOCCTaHHIO C/IOeCB B BOCTOUHbIM CKJIOH 
Tumana, MpumMepHo orpaHHueHbi epBblii — KOHTypoM pacnpocTpaHeHHa 
BEPXHENEPMCKO-TpHacOBbIX OTJIOKeEHHH, a BTOpoH — VxemcKumM cOpocom 
(a3. C3 320°), nporarnpatomjumca Gonee 4em Ha 100 KM, MakCHMaJIbHOM am- 
IIMTYOW cBpite 250 m. K 30He cTyMeH¥aTOrO ONycKaHHA MO 3TOMY COpocy 
pHypouena s3anaqHan rpaHula paciipocTpaHeHuA ApeBHero W2xKMa-OpMHCKOrO 
Komiiiekca (7). []pofomxenve cOpoca Ha ceBep HeH3BeCTHO, OMHAKO OypeHHeM 
3eCb TaKXKe YCTAHOBJICHO NOABJICHHe Ha KOPOTKOM paCCTOAHHH ApeBHero KOM- 
Mlekca 3Ha4MTebHOM MommHocTH (IlopoxcKan mioujaib WM Ap.). MoxwxHo nova- 
raTb, YTO Ha yKa3aHHOH MOWalu, a BOSMOMKHO H Jayee K CeBepy, Nepexop, BO- 
cTouHorO cKIOHa TumMaHa B TleuopcKyio flempeccuio TakxKe COMpoBowaetca 
Hapywenuamu. K 30He coumeHeHua 3anasHoro Oopta Jenpeccuu u Tumana mpi- 
ypoueHa MpoTamKeHHad cucTema cTyMeHelt B ocaflouHoH Tove (AtioBa-Hepuu- 
KM CTPyKTYpHbIM ycTym). Yrubl naqeHWA Ha KPyTbIX CKJIOHAX CTyNeHeH JO- 
cTuraioT 3—4°; B BBINOJOKeHHOH YaCTH MpHvOMMKAIOTCA K TOPH3OHTAJIbHbIM. 
Takve CTyMeHH, BepOATHO, MpocuiexKMBAaIOTCA HM MO NMOBepXHOCTM (pyHaMeHTa. 
Tax, Ha Tlopoxckoh mnomayN npu o6iem Norpy2xXeHHH MOBepXHOCTH CaHtleB 
Ha BocTOK oKovIo 1° 20’ mexay ckBaxuHamMu NoNe | nu 2 Ha paccTosHUM CBbIIE 
2 KM ycTaHOBJeHa OO6acTbh e€€ TOPH3OHTAJIbHOrO 3asleraHus. 

_ Boctouupiii S6opT Wenpeccun noctenenHo norpyxaetca B IIpekypanpexuii 
‘KpaesBouw mporu6, KOHTaKTUpys c OHO u3 ero Aue — BepxnemeyopckKo BMa- 
MHOU; Ha CeBepO-BOCTOKe OH cpe3aH AMCOKaluAMH [leyopcKon rpsget. 

Tpanutta fenpeccuh uw mporv6a nurse JOcTOBepHO He ycTaHOBJieHa, OLHAKO, 

cya mo celicmvyecKuM TpoduaM, OObIMHHIM WA MenpeccHM HakJIOH Cc0eB oO 

1° cMensetcsa K BOcTOKy Ooulee KpyTbIM HakOHOM (1,5—3°), a 3aTeM MX pesKHM 
norpyxenuem (yrabt Ha HavGonee KpyTom yuacTKe JocTuraroT 8°). StoT ycryn 
pacnovioxwKeH B 30H€ HHTeCHCHBHOTO Ciajla aHOMAaJIMH CHJIbl TAMKECTH H, BHAUMO, 
COMpOBORMaeTCA SHAUMTeJILHDIM YBeMYeCHHEM Ha BOCTOK MOMIHOCTeH OTOMKeHU 
fepMH M TpHaca. eit : Ye 

- Kontakt penpeccuu c Ileyopcxoii rpsyoh — muneiuol 30HoM OpaxuanTH- 
| knuHanpubix CTpyKTyp MpoTsxKeHHOCTHIO Goviee 450 KM HM WHpHHOH Jo 40 kM —, 
}3uuMo, mpoxo_uT no wapymienMo: KpynHbri cOpoc amnavtyfon cBpiine 1000 u 
ycTaHoBieH GypeHuem Ha 3aMaqHom Kpblie MyTHo-MatepukoBpoi cTpykTypbi 
H Mpemnouiaraetcs, m0 ceficmuyecKHM JaHHBIM, OM3 cT. Kamenxka. Ilo Jann 
*‘PpaBMMeTpHUeCKOH HM adxPpOMaTHHTHOM CbeEMOK MOXKHO Mipesnoarats, uTo Teyop- 
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Puc. 1. CrpyKTypHast cxeMa 10*KHOM 4acTH. jiegopexoh genpeccuH NO AaHHbIM OypeHuA UM reo@usHK! 
a — 3anaquaa Prpanulla pacnpocTpanenna OTMOHKeHMi MepMo-TpHaca; 6 — 3alagnaa PpaHunila uM KOHTYP! 
etpyktyp TleaopcKoli TeKTOHMMeCKOH PpAAbI; 6 — HSOPHMCLI KPOBAM CaKMapCKO-aPpTHHCKUX M3BeCTHAKOB 1 
WauHbiM OypeHua; e— TO *wKe TO JaHHbIM celicMOpasBeAKH Ul Oypeuna; O— U3SOrHIIChI MOAOWBHI PUIHH Ke 
iMMpCKOPO TOPHSOHTA; @ — MOBeEPXHOCTh OMOPHOPO 3NeKTPHUeCKOPO TOPH3OHTa BbICOKOTO COMpPOTHBJICHE 
(no Jl. A. Bockpecenckomy); 9¢ — yrubl Naqenua TOPH3OHTOB, MpHYPOYeHUbIX K HHAKHeH nepMH (nO cei 
emopasBeske); 8-—— CTPpYKTYPHble CKBAKUNbI, MW — PasBeAOVHPIC u oWeHouHDIe ~cKBaxKUHEI. Ha cxeme NOK 
sanpl: A -— H Uxemcxuii cOpoc; J — 1 — Aljiiopa-Hepuukuil crpyKTypHbIa ycrym Hu cBA3aHHbDIe C HMM J 
KaNlbubie cTpyKrypbl; / — Bepxue-Ogecckas, 9 — }OxHo-AfiioBMncKad, 3 — AiiiopuucKkan (IlopowcKas 
4— Ycrb-Lhunemcxaa. J/ — Ts6yK-Capnno6opckaa crpvKTypHaA Teppaca HM MOKaJbHbIe CTpPyKTYP 
§— Banbockan, 6 — Sanagno-Ts6yKcKkan, 7 — Cepepo-Ta6yKcKaa, 8 — Bocrouno-Ta6ykcKaa, 9 — Bembio 
Kan, 70— laoyKcKkaa;  /// — Jlempio-ApavompceKkan cTpyKTypHad Teppaca H NOKaJIbHbIe CTPYKTYP 
11— Koiaganompexan, 12— Masonepcxan, 13 — Jlempiockas, 14— Upanompekan, 13 — SanagHo-McaKko 
cKaui; CTPYKTYpbl BOCTOUHOH OKpavnbl AeMpecchy: 16 — Bocrouno-Capuno6opeKaa, 17 — Muuatiocka 
18 — Bocrouno-Jlempiockaa 19 — Boctouno-Mcakosckaa; CTPYKTYPbI ceBepo-BocTOoyHOlt OKpaHHil 7 
lpeccun: 20 — PonavoubeKay, 21 — Ouprepeniopekad, 22 — Kunwesckas, /V —Jlevopekaa rpxafa 
cTpyKrypbl: 23 — KpipranoumbeKaa, 24 — Kamenckasl, 25 — Cepepo-Kompunckaa, 26, 27 — JOxwuHO- u CeBef 
Jipoxekan, 28 — Mytuo-Matepukonan 


cKkad rpAfa pasBuTa u flalee K cepepo-3anafy ot Mytuoro Matepuka, Jo mo- 
_Oepexba Bapentiopa Mops, B Mpefesax perMouasbHol 30HbI PpaBMTalMOHHBIX 
_MakcumMyMos. Tora rpaHuly Jenpeccum MoxHO HaMeTHTb BLOJb 3aralHoro 
| WHTCHCHMBHOTO Cliajla aHOMaJIMii STOH 30HbI. XapakTep ceBepHoro 3aMbIKaHua 
| flelipeccuuH moka He ycTaHOBJIeH. 
[lo AanHbIM pervoHanbHbIx reousvueckux UccieoBaHuii, BHYTPeHHAA 
WaCcTb flelipeccHH XapaKkTepH3yeTCaA CHOKOMHEIM ca60 OTPHLaTebHHIM Mar- 
HUTHBIM MOIeM HHTeEHCHBHOCTHIO 0—100 7 Hu Oonee, AudhepenIMpoBaHHbM, rpa- 
BUTAaWHOHHEIM. Ha ocHOBaHUM aHanusa H ComocTaBeHUA XapakTepaSTUx Novel 
_HeEOAHOKPaTHO [leach MOMbITKM TeKTOHMYeCKOrO palioHHpoBaHNA Jenpeccuu 
(B. A. Jlopyenxo (*), HW. MW. Buptoxos u gp.). Brickaspipanuch npexnosoxenua 
O CyMecTBOBaHHM B ee Mpefetax KPYNHbIX BHICTYTOB MU BIa_uH cbyHaMeHTa 
Apyrux opm AvcoKayH. 
Teonorwyeckue u celicmMueckuve paGoTbl mocieqHUX eT, NpOBeseHHBIe Ha 
_ fore Jlelpeccuu, 3HauNTebHO MONOHAIM CBeeHHA O CTPOCHHM BepXHeii YaCTH 
ee ocaflouHoro 4exJia (NepMb — KapGoH) M BbIABMWIM pal MHTepecHBIx ocoGeH- 
HocTeH ¢@foO CTpyKTypHoro Mviana. 
_BuHyTpeHuaa TeppuTopuaA enpeccuu Mo OTMOKeHMAM Maneo3som MomOrO Ha- 
_ KJIOHeHa Ha BOCTOK HM ceBep. YrouJl HAKJOHA KPOBJIH CaKMAapCKO-apTHHCKNX OT- 
JIOMRKEHHU COCTABJAeT B CpeHeM: Ha ceBep, Ha paccTosHuH cBbIMe 260 KM, HM Ha 
BOCTOK, Ha paccTosHuM GOoee 85 KM,— oKomo 15—Z0’. Tlorpyxenne uMeeT 
BOJIHMCTO-CTYNeHYATHI XapakTep HM OCMO*KHEHO MHOFOUNCIeHHLIMY IpakTH4e- 
CKH TOPHSOHTAJIbHbIMM CTPYKTYPHbIMH TeppacamMl. OcoGeHHO OTYeTAMBbI HaH- 
Oonee oOmMpHpe u3 Hux — Ts6yK-CapunoGopckaa u Jlempro-Mpanonpexaas, 
* BHIJENAIOUIMeCA TO KPOBJIe CAKMAPCKO-apTHHCKHX oOTWowKeHUM (puc..1). B mac- 
wiTaOax Jlempeccuu 9TH CTpyKTypHble Teppacpt u Aftropa~HepumKuit: crpyKtyp- 
HbIM YCTYM MOryT ObITb BbIeTeHbI KAK MOMYMHEHHbIe eli CTPyKTYpHbIe MopMEl, 
| OCJIOMKHEHHBIC JOKAIbHBIMH NOAHATHAMU. Tak, Bho Avitopa-~HepnuKoro yetyna 
HaOsofaroTen cTpykTyppl Bepxue-Ogeccxas, JOxuno-Aiopunckas, Tlopox- 
ckad uw Yerp-l[unemckas; na T26yK-Capuno6bopcKoli tTeppace — Banpriockas, 
Sanayuo-Ta6yKckaa, Ta6yKckas, Boctouno-T36yKkcKkan mu ap., Ha Jlempto- 
MpavonpeKxon teppace — Jlemprockan, MpavonpcKxaa, ManonepcKaa u Zp. 
Hakone, 673 30HbI coumeHeHua Tlesopckoli wenpeccun u TIpexypampcKxoro 
-tiporw6a pa3BuTbl nofuyaTua Boctouxo-CaBunobopcKoe, Boctouxo-Jlemb- 
-yockoe H Jp. 
JloKajIbHble CTPYKTYPbl Mepe4YCJIeCHHbIX 30H pa3JIMUHbI TO CBOHM MOpdouio- 
TM4eCKUM OCOOeCHHOCTAM HM, BO3SMOXHO, lo renesuey. Tak, CTpyKTypbl 3anay- 
» Horo OopTa fenmpeccuu, mphypouenHbie K 30He Atiiopa-Hepumkoro yctyma, 
_ OPHeHTHpPOBaHbI WM BHITAHYTbI MOUTH NO pernoHvalbHOMYy TipecTHpaHu HY KHe- 
NepMcKMX co0eB (a3. 350°). On umMeroT HeOosbmme (25—100 m) amnanTyybl, 
€ 10ra He3aMKHYTHI, ACMMMETPHUHEI, UX Ooslee KpyTble BOCTOUHbIE KPbWIbA COB- 
afaroT C perHOHaJbHbIM MorpyKeHHemM 3anayHoro Oopta Wempeccun. C sarnaza 
OHM OFpaHWueHbI TaKKe He3aMKHYTBIMM JIOKAIbHBIMA MporvOamu, TO eCT- 
BeHHbIMM C HHMHM TO dbopMe, pa3smepaM HM ammuiutTyfze. Oc nporn6oB mouTH ma- 
| paJIebHbI OCAM NOAHATHM, NpHyemM MpOTMB yuacTKOB UX HavOouULMero Norpy- 
“%KEHHA pacnowaraiotTca HanOoee MpHNOAHATHIe yuaCTKH CBOZOB MOAHATHH. 
Ha cepep nogHATHA’ MorpyxaroTcA HM MepexoAT B MOHOKJIMHAIb 3anayHoro 
OopTa Jenpeccun. Bce com oT noOXOWIBb! AeBOHa JO HWAKHeEH TepMM BKJIIOUH- 
-TeJIbHO W30rHyTbi cormacHo. J[Be cTpyKTypbl — BepxHe-Ojecckasn u, mpesio- 
NOKUTeIbHO, [lopoxkckand — npwxaTbl K cOpocam. 
Vnoe crpoenve umewT nogHaTua T36yK-CaBuHoOopckoli CTpyKTypHON Tep- 
pacni. Cama Teppaca, pasmepom oKovio 1250 kM’, OKOHTypuBaeTcaA NpuMepHo 
3soruncamu — 500 u —650, umeeT B TiaHe NOYTH TpeyroubHyIo dopmy u 
auibke (oKouI0 2—4 M/kM) norpy2KaeTca Ha BOCTOK H ceBep. J[iA ee NOKAbHBIX 
‘cTpyKTyp XapaKTepHbI Bapbupyrolllee OT MepHAMOHAIbHOrO Jo cyOuMpoTHoro 
TIPOCTHpaHue, YeTKad NOKaIN3allA, OTPaxKeHHe BO BCeM OCaJOYHOM UeXxJe H, 
t BO3MOKHO, B pesbede d@yHiamenta. Pa3smepbi cTpykTyp B cpegHem 10 X 5 kM; 
jaMnATyAbl oT 50 qo 250 mM 4 yBenMuMBaIoTCA C rTyOMHOH; CTpoeHHe aCHMMeTDpHu- 
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Hoe. Mexiy coOoi oHH OObluHO pa3feleHbl NOJOrHMM Nepemblukamu. bosee 
HoOuOrHe CeBepO-CeBepO-BOCTOUHIe KPbWIbA MOMHATHH OOpalleHb! B AelpeccHro 
M OCJIOXKHEHEI CTPYKTYPHbIMH CTYMeHAMH, 1OxKHbIe Kpyye H MeHee NPOTAKEeHHEI. 
CelicmuuecKue M rufporeosormueckve JaHHble yKa3bIBalOT Ha BO3MO%KHOE OC- 
JIOMKHEHHe CTPYKTyp HapywleHHAMH. 

PacnouiomkenHaa cepepHee Jlempio-MpanonpcKan Teppacaotienena ot T3- 
6yK-CaBunoOopcKOlt 30HOM OTHOCHTe/IbHO Oomee KpyTbIX NakeHui (lopayKa 
50’) WM 3aK0ueHa IpuMepHo MexAy usoruncama —850 u —1050. Ona TaKkxe 
Hoslora: cpeHu yrow Morpy2xKeHud Ha ceBepo-BocTtoK 10—20’. Pacnosioxen- — 
Hble Ha ee MMOUalM CTpyKTypbl elle ca6o M3y4eHbI CelicmMopasBeyKOH M GOy- 
peHviem. YcTaHOBJICHO, ITO B ee Mpefelax pa3sBHTO BecbMa OOWIMpHoe HM MoOsoroe 
JlemprocKkoe mogqHaTHe. Ilo mIMpoTHOMy MepeceyeHHIo ero pa3Mepbl MpeBbILIaloT 
40 kM. SamagqHoe KpblIO MOAHATHA MpoTsKeHHOe (OKOJIO 27 KM) M Momoroe 
(yrom B cpefuem 30—40’), BocrouHoe — KopotKoe (13 KM) Hu KpyToe. (yrou 
{—2°) — mocTeneHHO C/IMBaeTCA C perHOHAIbHBIM Morpy2KeHvem c0eB B IIpen- 
ypambekui mporu6. Ilo pa3W4HbIM TOpH30HTaM OTMedaeTCH 3HaYHTebHOe 
MulaHoOBoe CMeuleHHe cBOa MomHATHA. Tak, 10 KapOoHy OTHOCHTeIbHO KpOBM 
caKMapcKOro Apyca cmelleHve cocTaBuideT 4—5 KM K BOCTOKY B COOTBeETCTBUM 
€ COKpallleHHeM MOUHOCTeH CpeqHero HM BepxXHero KapOoOHa B 3TOM Ke HalpaB- 
neHun. Jia cpesuero eBoHa, HalpoTHB, HaMeyaeTCA CMelleHHe CBOMa K 3a- 
many — cepepo-3analy. Ilo KpoBje ApeBHero KOMMIeKCa HMeeT MeCTO pe3skKoe 
norpyxkeHve M ero 3aMeyieHHe Ha coOcTBeHHO JlembiocKOH MoulaiHy. 

JloKayibuble cTpyKtypbl Jlempio-MpavonpcKoh Teppacbl oueHb Movorve, 
aCHMMETPHUHbIe, HEOOJIbIIMe MO pasMepaM HM AaMIIHTye HM MMeIOT BH KCTPyK- 
TYPHBIX HOCOB», BO3MOXKHO He 34MKHYTBIX c ora. MoxkHO MosaraTb, 4TO AA 
HHX TaK»Ke HMee€T MeECTO HECOOTBETCTBHe CTPYKTYPHbIX MJIaHOB M0 pa3JIM4HbIM 
rOpH30HTaM. 

Hakouell, BlOuIb BOCTOUHOL OKpaHHbl Jempeccuu, B OOacTH Mepexoga ee 
B IIpeqypanbcKui mporu6, ceicMopa3BeLKOH BbIABIIeHaA NoOM0ca HeEOOJIbIIMX M0 
pasMepaM, y3KMX NOAHATHHM amnuuTyloH 30—60 M, opvweHTHpoBaHHbIx B Cce- 
BepHOM — CeBepo-3alalHOM HallpaBJIeHHH, MOUTH BOIb MpocTHpaHuA 4H30- 
rHmC HWKHeH MepMH. BocTouHble UX KPbIJIbA CMMBAIOTCA C PerHOHAJIbHbIM M0- 
Cpy2KeHHeM Ha BOCTOK IepMCKHX OTJOKeHHH, a 3analHle Ooslee KOPOTKHe H Orpa- 
HHYeHbI Y3KMMH, BO3SMOXKHO, HE3AaMKHYTHIMH MpormOamu. CeBepHble nepHKJIM- 
HaH MOoro MorpyxKaiorcA; K }Ory HeKOTOpbie H3 NOAHATHH OTKpbITHI. Bce 
eTpyKTypbl pacnoularaioTcA B MOMOCe 3HAYHTebHOTO COKpallleHHA K BOCTOKY 
MOILHOCTeH BepXHe- M CpeMHCKAMCHHOYTOMbHBIX OTIOMKEHHH WM MOTYT OKa3aTbCA 
OCJIOWKHEHHAMH e€HHOTO NOAHATUA, Norpanuunoro MexyAy IleyopcKow empec- 
cveHi u [IpelypampcKum nporu6om. 

Takum oOpasom, B coctaBe Ileyopcko Mempeccuu yxe celiuac, HECMOTpA 
Ha H€3Ha4dHTeJIbHYIO Ce H3YYeCHHOCTb, MO HWKHEMepMCKOMY CTPyKTYypHOMy Many 
BHIeIAIOTCA KPYNHbIe TEKTOHHYCCKHe 30HbI, OCJIOMKHEHHbIC JIOKAJIbHBIMH MOJ- 
HATHAMH, OTJIMYAIOUIMMUCA JIA KaxKMOH M3 30H CBOMMH MOpdoulorM4uecKHMu 
OCOOCHHOCTAMH H, BepoATHO, TeHesHcom. OTMeTHM, 4TO AIA HW2KHMX KOMIeK- 
COB OCafOUHOTO YeXJIa TaKyKe YyCTaHaBIMBaeTCA CTYNeHUATO-BOJIHMCTHIM Xxa- 
pakTep NorpyxXeHWuA Ha BOCTOK H CeBep, BO3MOKHO, COXpaHAIOMIMiicA HM 10 
MOBepXHOCTH dyHAameuta. 


Ilocrynus0 
28 VI 1960 


UMTHPOBAHHAA JIMTEPATYPA 
+ B.C. Kypaspaes, P. A.D adapos, JAH, 128, Ned, 1023 (1959). 2? B. A. Jles- 


4e@HKO, Hosoctu wept. texu., reonm., Ne ll, 19 (1958) #0. A. Coauues, 


a vote ymuHapesa, Tumano-Ileyopckan mposuniua. OuepKu mo reonoruu CCCP, 2, 
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Tornago AkayemMuu nayx CCCP 
1961. Tom 136, Ni 4 


FEOJOVH A 


| r. A. YEPHOB 


HOBBIE JAHHbIE MO CTPATHFPA®HH BEPXHErO JIEBOHA 
B BOCTOUHOM YACTH BOJIDIIEZEMEJIbCKOH TYHJIPbI 


(ITpedcmaeneno axademurom JJ. B. Haauexuxeim 11 VII 1960) 


Kak W3BeCTHO, C JEBOHCKUMH OTIO%KeHHAMH B TuManHo-I lalixolicKonri HedpTe- 
 Ta30HOCHOH MpoBHHHH (*,°) CBA3aHO OOMbUIMHCTBO He@TAHBIX HW Ta30BbIX Me- 
 CTOpoxwKleHuh. OfHako B BocTOUHOK uacTH BovbilesemMeIbCKOH TYHApbl ocalKu 

STOrO BO3pacTa ObIIM OUeHb cabo u3yy4eHbI. BnepBble BepXHeeBOHCKHe OTJIO- 
*KeHWA 9TOH OOacTH Obl onucaHb! B 1930 yr. H. H. Mopfaucxum. Ha 
pp. M. u B. Yce on nospasfzenua ux Ha tbpaHcKHl u dameHcku spycpi (?). 
Ha p. Asu-are B 1936 r. T. H. Tlonomapes kK BepxHemy JeBOHY npesnomoxu- 
TeJIbHO OTHEC JOJIOMUTb! H JOJOMHTH3HpOBaHHble H3BECTHAKH, 3asleraroulHe 
Bblle CpesqHero JeBoua (°). Tlosquee, B 1941 r., Ha 9TOM xe peke u.Ha M. Yce 
I. VW. Eropos spienun o6a apyca. Ha B. Espue u ero nputoxe, Jlex-Enpue, 
B 1937—1941 rr. K. I. Bottopckum-Kpurepom u B. B. Toropesuuem snepspie 
ObINIH OMHCaHbl BepXHEJeBOHCKHe OTJIOMKeHUA, KOTOPble MOMpasjeiANuch Ha 
06a aApyca, HO dayHucTuyecKH OXapaKTepH30BaHbl JIMUIb (paHCKMe OTOXKe- 
HUA, a K (aMeHCKMM ObIIM OTHECeEHbI HeMbIe U3BeCTHAKH (*). B 1955 r. OaccelH 
p. Asu-aru u M. u B. Yep Obll NOKpbIT ABYXCOTTHICHYHOM YreolorMueckoi 
CbeMKOH, mpoBosumoli B. C. Enokanom. Tak xe KaK M NepBbiMu cc Je OBa- 
TeJISMM, BEPXHeMeEBOHCKHe OTIOMKEHHA Ob UM NOMpasfeseHbl JIMUIb Ha Apycbl. 
JletambHoe u3yyeHHe JeBOHCKMX OTOMKeHMH, NpoBosMMoe Komu usnasnom 
AH CCCP sb 1958 u 1959 rr. B BocTosHol uactu BbosbulesemeibcKON TYHIpHi, 
| B patioue p. Asau-saru, nputoke BopkyTbl, u Ha p. Yce u ee mpuToKax — Evie 
uM Jlek-Empue, Mo3BOIMIH HaM B 3HAUHTeIbHOM CTeMeHH JeTaIH3HpOBaTb Hi 
BbIJeUTb PA, TOPH3OHTOB B BepXHeMCBOHCKUX OTJOXKEHHAX *. Haudouee WH- 
. TEpeCHbIM (PaKTOM ABMIAeCTCA YCTAHOBJICHHe JOMAHMKOBBIX CJI0eB C PayHON TOHMa- 
THTOB H HayTHMOUJeli u HamM4Me CBOeOOpasHbIX OpeKYMH B BepXHedpaHCKOM 
NOkbsApyce, B WeMeHTe KOTOPBIX OKAa3aJaCb OoMbIlad UM pasHooOpasHad Opaxuo- 
TlowoBaa (aya. 

3 BepxHeeBoHCKUX OTJIOHKeEHHM XOPOWO OXapaKTepH30BaHbl cayHucTs- 
_ 4€CKH (paHcKHe OTMOAKeHUA; (aMeHCKHe Ke, MpeACTAaBJeEHHbIe OMHOOOpasHbIMU 
MaCCMBHEIMH JOJIOMUTaMH VM U3BeCTHAKA@MM, OUeHb OeQHbI OpranHHuecKHMu 
octaTkamu. Boratan pasHoodpasnan cbayHa UccueqOBasacb MaleoOHTOMOraMu: 
rouvaTuTth — A. HM, BorocnoscKum, pyrosbli—9. 3. ByabBauKep, ractpo- 
Tlofpt — B. A. Boctoxosoli, ocrpakofpi — A. E. Eroposou, HayTHnouyen — 
®. A. )Kypapaesoi, nenenunofpi—B. ®. Kyauxosou, cbopamunudeppl — 
O. A. Jiununof, 6paxuononpr— A. H. Ilepuimuol, ctpomatonopsl — 
H. A. ®neposot. TlepeuncaeHHbim ciellMaucTaM aBTOp MpHHOCHT HCKpeHHIOIO 
- 6laroflapHoctTh. 


MpaHcKUH APye 


i 
_ Us dpanckux otomweHuit dayHucTHYeCKH YCTAHOBJIeHbI JIMUb CpeaHe- H 
} 
 BepxHedpanckue ocanku. Humnedpanckue He yalocb YCTaHOBUTb H3-3a Ha- 

| AWUMA Mepepbipos B OOHaKeHUAX MEY 2KUBETCKUM APYCOM HM CapraeBCKMM 


| 6 
} ‘  * Hyxne- u CpeqHeLeBOHeKHe OTMOVKEHHS OMHCAHBI B (N65 
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TOpusoHtom. T1peyosloxKUTebHO K KBIHOBCKHM CJIOAM MOxXKHO OTHECTH 3-Me- 
TPOBYIO TOJIMLY H3BECTHAKOB, 3aJlerarouLylo NOs CapraeBCKUMH OTOKEHVAMU HA 
pyape V3pectoakopom (mpHtok Asu-arv) HM pa3feleHHyio 10-MeTpoBbIM 1e- 
PepbIBOM. Secb OTMOXRKEHHA IpPeMCTABJIEHbI TOMCTOCMONCTLIMH CepbIMH H3BeCT- 
HAKAMH, MepenOuIHeHHbIMH TaGyATAMH, W3 KOTOPIX ONpeemeHbl: Syringopora 
sp., Favozites sp., Alveolites sp., a 43 6paxvono WMmb Ofna copma Atrypa 
ex gr. reticularis L. * 

CpequhedpaunckKue OTAOKEHUNA MpescTaBsenbl TPeMA TOpH30H- 
Tamu. Capraepckuit ropv30HT Ha pyybe M3BecTHAKOBOM IpecTaBseH CepbIMH 
HM KOPHYHEBATHIMM TOHKOCJOHCTHIMA H3BeCTHAKaMH, ocTuralouiMMH 10 M MOmI-_ 
HOocTH., Silecb ObIIO BCTpeyeHO OoJIbUloOe KOIMUeCTBO OpaxMONOA, HS KOTOPHIX 
A. K. Kppiosol ompeszesexnbt Schizophoria ivanovi (Tschern.), Schizophoria 
ex gr. striatula (Schloth.), Chonetes sp., Striatoproductus cf. sericeus (Buch), | 
Hypothyridina calva Mark., Atrypa tenuisulcata Wen., A. ex gr. reti-] 
cularis L., Spinatrypa tubaecostata (Paeck.), Lamellispirifer novosibiricus 
(Toll) u Pelecypoda. 3 stux xe cnoen A. 1. JIismenKko Oni onpeseneHbi: | 
Schizophoria ex gr. tulliensis Vern., Striatoproductus sericeus Buch, Hypo- 
thyridina calva Mark. u Atrypa ex gr. nalivkini Liasch. BpaxuonoxoBpli Kom- 
MuleKc (bayHbl yKa3biBaeT Ha CapraeBCKHH BO3pacT 9TUX OTOKeHUN. M3 sTUX xe 
cloeB OblIM ompeenenb! HayTHsiovsen: Aletoceras sp., Brevicoceras sp. 


Ha p. M. Yce « capraeBcKuM cJIOAM CuIeqyeT OTHECTH 3-MeTpOBylO Mauky” 
TOHKOCJIOMCTHIX TOUTH YePHbIX PIMHHCTbIX M3BECTHAKOB C MeJIKUMH OpaxHo-| 


Towamu, u3 KoToppix A. HM. Tepmunot onpenenensi: Liorhynchus megistanus 
Le Hon, L. cf. pavlovi Miifke, Atrypa cf. svinordi Wen., Chonetes cf. setiger 


Hall, Pyramidalia simplex Hall. 


ToMauuxk. Oraoxenua, OTHOCAILMeCAH K JOMAHHKY, B BOCTOUHOM 4acTH - 


BovipiieseMeIbCKON TYHAPbl YCTaHOBJEHbI BiepBbIe B OMHOM MectTe Ha p. M. Yee. 
Ouu 3aeraioT HemocpecTBeHHO Hal capraeBcKumu caoamu. JlomanuK mpell- 


CTABJICH TEMHO-CepbIMA KPeMKUMH H3BECTHAKAMH C XOPOMIO BbIPaxKeHHBIMM CJIO- 
AMU, NMepeMOHeHHBIMH TOHHaTHTaMM MU HayTMWOWAeAaMH. OjHako TOHMAaTHTDSI 
OKasaJIMCb BCerO JIMINb LBYX BUOB, IpWvalwexamux TByM pojam: Timanites — 
keyserlingi Miller nu Tornoceras simplex Buch. B 9THx xe u3BeCTHAKAaX BCTPe- — 


YaJIMCb MeJIKHe PYyPO3bl, raCTPONOAH, NeTeLHNOAb! U SOpaxuonopsn. M3 6paxuo- 
nox A. WM. Tlepumuott ompenenensit: Liorhynchus cf. domanicensis Mark., 
L. cf. pavlovi Miifke, L. pavlovi var. taimyrica Nal. w 6ompmioe Konu4ecTBO 
Tentaculites sp. u Styliolina sp. Bufumasa moniHocTh oTMO*KeHH OKONO 5 M. 


K conkavieHuio, 3ecb mioxad OOHaKeHHOCTH. B nepepbipax MexAy KpenmKHMH © 


IIaCTaMM M3BeCTHAKA, IO-BUJMMOMY, 3a1eraioT roprouve CaHIlbl, XapakTepHbie 
JA JOMaHuKa. 

MeHAHMCKHe COU BbICTYMaWT HeNocpescTBeHHO Hal JOMaHHKOM 
Ha MpOTHBONONOKHOM Oepery p. M. Yeu. OrsowKeHuaA npelcTaBneHbl mpeumy- 
ULECTBEHHO TOHKOCJIOMCTBIMM CepbIMH VW XKeJITO-CepbIMH H3BeECTHAKAMH MM JOJIO- 
MUTAMH, MepeCaMBaroulMMUCA B BePXY C TIMHUCTHIMM CJaHIlaMu, H3 KOTOPbIxX 
onpelenenb! Opaxvonogp: Liorhynchus lentiformis Gitirich, L. megistanus 
Le Hon, L. ci. pavlovi Miifke, Pyramidalia simplex Hall, Atrypa cf. svinordi 
Wen., Chonetes cf. setiger Hall, Lingula sp. u ta6ynsatu: Alveolites sp. Bu- 
7MMaxi MOUHOCTh oKoToO 100 M. 

CoraacHo saxsouenwio A, V1. Tepumuof, tannptii Komnmexe 6paxvonoy, 
XapakTepH3yeT HH3bI MCHbIMCKMX cjloeB. Bepxu 2e STOrO TOPH3O0HTA BBICTY- 
1a;OT HECKObKO BbINe TO peke, Pe OHM NpefcTaBseHbl USBeCTHAKOBON: Opek- 
4HeH, B WeMeHTe KOTOPOH OblIM HaleHbl culelyroutHe 6paxvonogy: Liorhynchus 
laevis Giirich, Liorhynchus sp., Cyrtospirifer tenticulum Vern. MouyHoctp 
Opekuun oKolo 10 M. 

Hepacuienenuble cpeynedpatcKve OT02%KeHUA BLICTYMAaIOT Ha 1paBoM Gepery 
p. B. Enpna. 3yecb on npescTaBeHb! CepbIMM HW TEMHO-CepbIMM JOMOMNTUSH- 
POBaHHbIMM H3BeCTHAKAMH C OFPOMHbIM KOJIMYeCTBOM OpaxHonod, crpomatonop, 


* @Mopma onpegerena A. K. Kpsiwiopoit. f 
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KpHHOMeH uM racrponog. M3 6paxvonoy Oban ompesxenenni (A. K. Kpptopoit): 
Schizophoria sp., Productella ex gr. subaculeata (Murch.),.Gypidula biplicata 
(Schnur)., G. ex gr. galeata Dal., Camarotoechia sp., Pugnax acuminata Mart., 
Liorhynchus ex gr. megistanus (Le Hon), Hypothyridina ex gr. cuboides 
Sow., Atrypa uralica Nal., A. cf. duboise Vern., A. cf. alticola  Frech, 
(A. alinensis Vern., A. ex gr. reticularis L., A. aff. magnitica Nal., A. ex gr. 
aspera Schloth., Anatrypa sp., Adolfia sp., Cryptonella aff. uralica Nal. 

Ilo sakmouenmo A. K. Kppiiopoit, JaHHbili KommeKc tbayHbl XapakTepus yer 
CpelHeppanckui nompapyc. M3 dopamunudep orcioza onpegzenenpt Schuguria 
Sp., a 43 racrponog Naticopsis sp. M3BecrHaku KBepxy mepexo,aT cHauasa 
B MaCCHBHBIe, a 3aTeM B U3BECTHAKOBbIe OpeKYHH OObINOM MOLLHOCTH. 
BepxvHe@pauckuh nmoxbapye. Ornoxenua storo Bospacta 
HpecTaBleHbI ABYMA FOPH3OHTaMM: aCKbIHCKUM HM GapMMHCKMM. OfHako roj- 
PpasfeuTb UX He yjlaeTCA, TAK KaK OHH MpeACTaBJIeHb! H3BeCTHAKOBON GpeKuuel, 
HoctTuratomjeli 15 mM momHocTu. B u3BecTKOBOM IleMeHTe OpeKYMM cosepxKuTCH 
rpoMHoe kKOsMuecTBO OpaxHornok CcMellaHHoro cocTaBa JBYX FOpv30HTOB. 
SpeKUMA BbICTynaeT Ha p. M. Yce HenocpelcTBeHHO Hall Opexuneli, oTHOCAMeHCH 
K Me€HJbIMCKUM CJIOAM. COCTOMT OHA H3 YrOBATbIX OGJOMKOB pa3HO BesJIMUMHI 
POHKOCJIOMCTHIX M3BecTHAKOB. Mectamu BcTpeualoTca OGOMKH HeubIX mayveK 
tmoeB, MocTurarouux | mM TowMHEI M3 M jIMHbI. Orcrona onpeteneHb! Opaxno- 
TOIL, MpwHalnexanme 30 polam u 86 Bujam. IIpusBosqum cnucoK HaMOovlee 
BaxKHBIX Ppynn: Gypidula brevirostris Phill., G. askynica Nal., Giirichella ex 
gr. aspera Schnur., G. kuktachensis Mark., G. bifera Roem., Waagenoconcha 
dekhoroschewi Nal., W. cf. murchisoniana Kon., Griinwaldtia latilinguis (?) 
Sehnur., Schizophoria ex gr. striatula Schloth., Streptorhynchus devonicus 
Drb., Productella subaculeata Murch., Striatoproductus sericeus Buch, Pli- 
tatifera simplicior Whidb., P. cf. meisteri Peetz, Liorhynchus lentiformis 
Siirich, Pugnax voroni Nal., Pugnoides triaequalis Goss., Hypothyridina 
uboides var. laticostata Nal., H. cuboides var. nana Nal., H. aff. ascenoides 
Nal., H. oviformis Mark., H. incisiva Roem., Septalaria striata Mark., 
>. formosa Schnur., Atrypa alticola Frech., A. magnitica Nal., A. postula- 
‘ica Mart, A. ex gr. aspera Schloth., A. ex gr. reticularis Linn., Cryptonella 
tralica Nal., Spinatrypa tubaecostata Paeck., Tenticospirifer tenticulum 
Jern., T. marcovskii Nal., Theodossia evlanensis Nal., T. katavensis Nal., 
Zoreticularia koltubanica Nal., Athyris concentrica Buch., A. globosa Roem., 
syrtospirifer conoideus (Roem.), C. jeremejewi Tschern., C. acuta Nal., C. 
iff. disjunctus Sow., Reticulariopsis pachyrinchus (Vern.). No 3aKmouenno 
\. 1. TMepmunot, mannpili cnucox cbayHbl yKa3biBaeT Ha BepxHedpaHcKHit nokb- 
ipyc, a HeKoTopble dopMbI H Ha BepxH MeHbIMa. B wWemente OpeKUMM ObIIM 
scTpeueHp! Receptoculites. 

K BepxHedpaHcKUM OTJOXKeHHAM CJlIelyeT OTHECTH pa3PpO3HeHHbIe BbIXOJbI 
[8BECTHAKOB H JOJIOMMTOB, BbICTynaomux Ha p. Asu-sre. B sTHx nopomax 
Mmuero He ObIvIO HaliqeHo, Kpome dbopamuHudep u BogopocieH: Vicinesphaera 
larva Reitl., Parathurammina paulis Byk., P. cushmani Sul. var. minima 
ntr., P. ef. dagmarae Sul., P. aff. tuberculata Lip., Hyperammina cf. vul- 
‘aris Raus., H. irregularis Lip., Bisphaeraelegans Viss., B. minima Bir., 
irchaesphaera minima Sul., Paracaligella ci. antropovi Lip., Eostaffella sp., 
indothyra sp., Evlania sp., Irregularina sp. 
| O6tjast BUAMMaa MOULHOCTS (bpaHCKHX oTOAeHHU OKONO 160 M. 


MameHCKHH Apye 


_/MamenckKHe OTJOMHKeCHHA B MCCeOBAHHOM paoHe MpejCTaBJIeHbl MpeumMy- 
({ECTBEHHO OLHUMM JOJIOMHTAMM HV JIMIUb YAaCTHUHO M3BecTHAKaMU. Ho Tak Kak 
HH OYCHb MJIOXO OXapaKTepH3OBaHbl (PayHUCTHYeCKH, TO pacuJIeHATb UX Ha 
IPHSOHTHI He yaeTcA. K chaMeHCKHM OTJIO*KeCHHAM OTHOCHTCA TOMA Cepbix 
3BECTHAKOB H JOOMHTOB, BLICTYMaOlulux Ha p. Aau-are, BALMMOli MOULHOCTb}O 
80 M, H3 KOTOpol onmpefeneHbI culelyoulMe copamMuHndepbl HW BOsOpocn: 
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Parathurammina suleimanovi Lip., P. spinosa Lip., P. cuschmani Sul., 
P. tuberculata Lip., P. paulis Byk., P. cf. radiata Antr., P. ci. polypora 
Antr., Archaesphaera crassa Lip., A. minima Sul., Paracaligella antropovi 
Lip., Vicinesphaera squalida Antr., V. parva Reitl., Bisphaera irregularis 
Bir., B. elegans Viss., Asterosphaera pulchra Reitl., Radiosphaera basilica 
Reitl., R. contracta Reitl. 

K 9THM %Ke OTMOKCHUAM OTHOCATCA KOPHUHEBATO-cepble JOJIOMUTHI, BBICTY- 
maroulve Ha 3anafHom xKpblie Exrana-[Isickoro noguatua (Jlex-Ezen), 
KOTOpbIe COfep2xKaT HEMHOFOUNCeHHbIe BOAOpocIH WM MHKpodayHy. Orciofé 
onpefeeubi: Vicinesphaera parva Reitl., V. squalida Antr., Parathurammineé 
suleimanovi Lip., Archaelogena sheshmae Antr., Radiosphaera basilicé 
Reitl., Rodiina graciosa Reitl. 

OrsoxKeHHA BepXHero JeBOHaA MOCTeMeHHO TepexoAAT B HWKHMH KapOou. 
TouwHaa rpaHuila MexKy HAMM He ycTaHaBjMBaetca. Ilepexofuble co OKONIC 
[50 M MOMLHOCTHIO, IpecTaBJIeHHble MACCHBHBIMH M3BeCTHAKAMH VM JOJIOMMTaMM. 
HaOsOLaslucb B BYX MecTax: Ha pp. Aau-aru u B. Yce. B Hux ObliM BCTpeyeHb 
TONbKO (opamuHHdepb! u Bonopocu. M3 ormomenult c p. Anu-aru ObiwiM onpe: 
neneupt: Archaesphaera crassa Lip., Parathurammina cushmani Sul., P. su 
leimanovi Lip., Paracaligella antropovi Lip., Sphaerella mirabilis Reitl.. 
Ammobocalites cf. markovskii N. Tschern., Asterosphaera pulchra Reitl. 
Radiina graciosa Reitl., Septatournajella ci. rauserae Lip., Septaglomospira: 
nella sp., Bisphaera elegans Viss., B. irregularis Bir., B. ci. grandis Lip. 
B. ef. tuberculata Lip., Cribrosphaera sp., Vicinesphaera squalida Antr. 
V. parva Reitl., Tuberitina minima Sul., T. maljavkini Mikh., Eovolutine 
tuimas ensis Lip., Glomospiranella sp. 

O6ujaA MOUHOCTb cbaMeHCKHX OTJIOMKeHHH He MeHee 3230 M. 


VMucrutyt reojoruu *  Tlocrynaao 
Komu (buvana Axajemun Hayk CCCP 7 VII 1960 
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CHAPOLEO/JOCHA 
r. B. KOPOTKEBHY 


© HEKOTOPbIX OCOBEHHOCTAX PA3BUTHS COJIAHOFO KAPCTA 
(ITpedcemaeaeno axademuxom H. M. Cmpaxocoim 11 VII 1960) 


_ BOo3HMKHOBeHHe HM pa3BUTHe KapCTOBLIX MpoleccoB B MpHposHo reomoru- 
MeCKOH OOcCTaHOBKe BOSMOXKHO Ip HaMUHM ceLyioulMx ycnoBult: 1) ropHoii 
MOpOb, CMOCOOHOM K OTHOCHTeIbHO ObiICTpomy pacTBopeHMio B Bose; 2) ABH- 
2KeHHA BOLI, COMpMKacatollelica c 9TOH NOposoi, H 3) pacTBopsrouLehH croco6- 
HOCTM (arpeccHBHOCTH) JBMKylelcA BoObI. OTcyTcTBHe XOTA Obl OMHOTO U3 
STHX YCJIOBMHM MCKJIOUaeT KapcTOOOpa3o0BaHne. 

MuTeHcHBHOCTS KapcTOOoOpas0BaHHA 3aBMCHT PlaBHbIM OOpasoM OT XHMMye- 

©KOFO COCTaBa MOPOsbI, CTeMeHH arpeCCHBHOCTH COmpHKacarollelca c Hel BODHI 
WM BeIM4YMHbI yebHOM MOBepXHOCTH compHkKocHoBeHHA. Ip HasMunn TpeliHH 
MIM MOp B MOpose MHTeEHCHBHOCTb KapcToOOpa30BaHHA TeM Bbillle, ¥eM OovIbIe 
KOSPUUMeHT ee CKBaxKHOCTH. ArpecCHBHOCTb BObI MOMKeT MOMep2xXUBATLCH 
JiMlllb Mp ee JBUXKCHHH, CMeEHACMOCTH; OHA HAXOMUTCA, CeEMOBaTeIbHO, B Mps- 
MOH 3aBMCMMOCTH OT CKOpOCTH JBIXKeHHA HM KOJIM4eCTBA BOB. 
_ Hecmotpa Ha HeOOXOAMMOCTh OAMHAKOBbIX YCJIOBMH JIA BOSHHKHOBeHHA H 
PaSBUTHA KapcTa B M3BeCTHAKAX, FHlcaX, KAMeHHOH COI WM pyrWx npakTHyeckH 
(PACTBOPMMBIX TOPHBIX Noposax, XO KapCTOBLIX MpolleccoB B KaxkKJOH W3 HUX 
MMeeT CBO Cllewudu4eckve ocoOeHHocTH. 

B HacTosAlieH cTaTbe paccMaTpHBaloTCA HeKOTOpble OCOOeHHOCTH pa3BUTHA 
COMAHOO KapcTa, cTelleHb M3y4eHHOCTH KOTOpOroO BCe elle BECbMa MaJla, He- 
CMOTPA Ha HasWuHe pxlla paOoT, MOCBAINeHHbIX STOMy Bompocy ((',*,*,°) H Ap.). 
_ Ha Kapcroo6pasopanuu B ranomuTax (KaMeHHas COuIb, pas/IM4Hble KaMHHbIe 
M MarHveBble COM M jp.) CKa3bIBaeTCA HX BbICOKaA PaCTBOPHMOCTb, OosbIaA 
CKOPOCTh PaCTBOPeHHA, MOHOJMTHOCTb CJIO*KeHHA (BOMOHEMPOHHMLAeMOcTh) HU 
pe3KO MeHsIoMecs cbusuuecKue CBOMCTBA paCTBOPAIOUeH COb 2KUAKOCTH. 

_ PactTBopumocTb B JMCTHWIMpoBaHHol Boye KamMeHHoH comm (NaCl) npu 
10° cocrapnaer 357,2 r/n (*), runca 2,05 r/n (°), w3BectHaka 0,013 r/n *. Eco 
MPpHHATb pacTBopuMocTb CaCOs 3a eAMHHILy, TO COOTHOIMeNHe BeEIMYHH COCTABHT 
27 477 : 1 uw 158: 1. Kak usBecTHo, B NpHpoOAHbIX BOax, OOINHO COMepxKalHx 
eBoOosHyl0 yrieKucnory, pacrBopumocts CaCOs spue. IIpu coxepxannu COz 
B Boje B KOMMUeCTBe, pABHOBeECHOM MaplMaIbHOMy JlaByenui0 COz B Bosjyxe, 
pactBopumocts CaCOs cocrapiset 0,055 r/n *. Ha pacrBopumoctp NaCl u 
runca COz mpaktTuyuecku He BaIMaeT. B cBxA3H C 3THM YNOMAHYTOe COOTHOLMIeHHe 
MpHOIM3UTebHO Oy ner cnenyrouum: 6494: 1 u 37:1 no secy, uu 7570 : 1 
u 43:1 no o6bemy. Takum o6pa30M, OMHAKOBbIM KOMYeCTBOM MpHposHoH 
‘BOALI MOXKeT ObITh pacTBopeHo B 7—8 ThIc. pa3 Gombuie NaCl, vem CaCOs **. 

JIA KOMYeCTBeEHHOTO COMmocTaBJIeEHHA CKOPOCTH pacTBOpeHHA KaMeHHON 
COM, TMlica HM W3BeCTHAKA TOKa HeT JOCTATOYHO OMpeeJICHHbIX JaHHbIX, OJ\- 
HaKO W3BeCTHO, 4TO pasHUlla 3ecb TakxKe BeCbMa BesMKa. HeOovpiiaa rubl6a 
KaMeHHOM CoM B TeKyyel pedHoli Bose He MpOsexKUT H CYTOK, a Takada xe ribiOa 
USBeECTHAKA OyJeT pacTBOPATECA B MpOAOJKeHHe MHOTUX ecaATHJeTHH. 


* Hamu npHHsATa cpequaa BeMunHa pacTBopHMocTH CaCOg H3 IIpHBOAMMEIX B JIHTepaType 
(aHHBIX ((5.6.8 H Jp.). 
_ ** PactBopumocTb CaCOs B MOA3eMHbIX BOJaX HeCKOJIbKO BBIINe, YEM B MOBEPXHOCTHEIX, 
econ OT KOHWeHTpauwH CO; B moyBeHHOM Bo3yxe, BCera Goubutel, weM B aTMOC(pepe. 
f. : 
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B oranune OT U3BECTHAKOB WIM TMMCOB, BCera B TOM MIM MHOM Mepe Tpe 
TILMHOBATBIX, 3aJI@2KM MCKOMAeMBbIX COJAHBIX TeJI OODIYHO MOHOJIMTHBI, 4TO OOY 
COBNUBAeTCA BBICOKOM MX MOMATMMBOCTbIO K TacTHYeCKHM jJleopMallHam. 
T peuiMHOBaTOCTb B MaCCUBaX COJIM, HECMOTPH Ha COMCTOCTb M B pase CydaeB 
HEOMHOPOLHOCTh, MaxKe B BECbMa CHJIbHO CMATHIX OIOKAaX OObIGHO OTCYTCTBYeT. 
Ilo sTof npwunHe KapcTOBble MpoOlleccbl pa3sBUBalOTCA IIpeMMYIMeCTBeHHO Ha 
HOBEPXHOCTH CO/IAHBIX Te. OWHAKO €CJIH B COMM MpWCyTCTBYIOT XOTA Obl BOMOC- 
HbI€ TPellMHKH, OHH CTaHOBATCA OYaraMH HawOoslee MHTeHCHBHOTO pa3sBUTHA 
Kapcta. 

Muorve MecTopoxwKeHuA KaMeHHOM COJIM*M KasMHHbIX cole B pe3syJbTaTe 
TCKTOHMUECKHX TPOMeCCOB OKA3aJIMCb MOLHATLIMH WM 3asleraloT YaCTHUHO B 30HE 
AKTMBHOM UMPKYJIALMM TOA3eMHBIX BOL. CHu38y H COOKy 3aexKU OObIYHO H30- 
JIMpOBaHbl OT TIpecHbIx Bol. B KayecTBe IipHMepa TaKMX MeCTOPOXKJeHHH MOPYT 
CIYKUTh COMOTBHHCKOe COJIAHOKYHOJbHOe MecTOpoxKyeHHe B SakapmaTbe, 
Jlom6popckuit yuactoK Kayuickoro MecTOpomwJeHHA KaJIMHHbIX CoeH WH MHO- 
rue pyrue. OHM MHIMBUyabHbl MO TeoJOrMuecKOMYy CTpoeHHIo, PHAporeoo- 
ruuecKuM WM ApyriM ycioBuam. OgHako 4M TIpHcynya ofa oman YepTa: 3a- 
JleraHve CouHHOrO Tema Ha rayOuHe Jo 5—10, pexe to Z0—30 mM oT noBepx- 
HOCTH, MOJL OOBOLHEHHBIMM PbIXJbIMM UETBEPTHYHbIMM OTJIO%KCHUAMH. 

BosHukaeT eCTeCTBCHHbI BOMpoc — KaKHM OOpa30M COM COxpaHHIMch 
B TeYeHHe TeOJOTHYeCKOrO BPeMeHH B 30HE AKTHBHOM WLMPKYJIAWMM HaCOeBbIX 
Boll? Muorne uccieqopaTeH BUAT rulaBHYIO IIpH4MHy STOO B 3alljMTe NOBepxX- 
HOCTH COJIM OT BBINeIauNBAaHHA BOSHHKIWeH «IIATOH» — COeM TIMHACTOTO 
HepaCTBOpHMOro OCcTaTKa. OHaKO MMeIOTCA MeCTOpOwKMeHUA, Pe STOT COW 
oTcyTCTByeT jH60 NosHocTHIO (Mnenku comAHOK KynON), WHOO Ha OTICbHbIX 
yuacTKax, Aa Ha MOBePXHOCTH COJIH 3aleraloT HeMmocpeACTBeHHO BOJOHOCHHIE 
meckH WM raviedqHHKH. Kpome Toro, Ha TeX MeCTOPORKMEHMAX WK yuacTKax, Te 
TIMHUCTaA UWIATa WMeeTcs, OHA He ABIACTCA HajlexKHbIM BOMOYIOPOM, Ta 
KaK MeCTaMM TIpOHH3aHa (puJIbTpPYIOll4M MaTepHasioM MH BOLoMpoHuilaema. IIpu 
HapyWeHHH ecTecTBeHHOTO pexKUMa HaCcOMeBbIX BO NO He AKTHBHPYroTC 
KapcToBble mpoteccs (?,4). 

Cxema lpolecca KapcTooOpa30BaHua Ha rpaHvlle pasfera Bola — Cob 
COCTOMT B cJlelyrouleM. Col MpecHOW BObI, IpMWelWwHH B COMpHKOCHOBeHY 
C COJbIO, ObICTPO HacbIllaeTCA H CTAHOBUTCA PaccoJIOM, T. €. HKHAKOCTHIO Oowe 
TAKeNON, Ooee BASKOH H MeHee TeKy¥eli, eM TipecHad Boa. HacpiieHHbl 
no NaCl pacco TsxKenee mpecHo Bosb Gomee uem Ha 20%, a AHHamHUeCcKa 
BASKOCTb (BHYTpeHHee TpeHHe) yBeMuuBaeTcA B 2 pasa *. 

BosHukaioulnit y pacTBopsiomelics] NMOBepXHOCTH NorpavHyHbI con pac: 
COJIOB MOJIHOCTbIO TepxHeT aPpeCCHBHOCTb MH, BMeCTe C TeM, 3aLLMIaeT COJIb O 
AOCTyHa MpecHOH BOJHI. : 

IIpv ropv30HTabHOM 3aleraHHH ypOBHA HascomeBbIX BOM, T. €. B OTCYTCT- 
BHe UX JBYKeHUA, paCTBOPeHHs COJIM MpaKTHuecKH He npoucxoguT. B noLo6- 
HbIX CJLYYaHX PACTBOPALOTCH JIMIUb Te BLICTYMbI COJIM, KOTOPbIe OKaA38a/IMCb BbILLI 
COA paccooB. OfHaKO B TIpHpOHbIX yCJIOBHAX YPOBHH BOJOHOCHEIX ropH- 
3OHTOB HM€IOT M3BeCTHBIM YKJIOH, OOYCOBANBAIONLHH JBHxKeHHe BOJbI, ee CMe- 
HACMOCTb. 

B cepepo-sanafHolt uacru CoJorBHHcCKoro MecTOpoxKAeHUA THApaBAMYeCKH 
YKAOH YPOBHA HaycoweBprx Box i = 0,003 (MomHOcTb BOJOHOCHOTO TOPH3OHT 
Ay = 7M, Koxpduunent puiprpanun Ky» = 15M BcyTKH); Ha Mnenkom cons 
HOKYMOJbHOM MecTopoxwkyeHHH i = 0,005 (Hep = 3 mM, Ko = 4,5 M B CYTKH); 
Ha JlomOposckom yuacrke i = 0,004 (Hep = 10 mM, Kg TaneunnKkos = 6 
B CyTKH)**. Bona B BepXHUX YaCTAX BOJOHOCHEIX TOPH3OHTOB Npecnas (MecraMHu 
OHA HCMOb3SyeTCA AIX BOOCHAOMKeHUA), a Y MOBEPXHOCTH COJIM — HAaCHILIeH- 
HbIH paccoul. 


o 


* TIpu 10° naornocts paccona 1,205; a6conotHas HHamMuecKas! BA3KOCTS 2,60 cnya3; 
BASKOCTh Bosh 1,308 crryas (2°). 
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_ Tlopepxuoctb comaHbix Te/l Ha yYNOMAHYTEIX MecTOpoxweHUuAX, HECMOTPA Ha 
‘MeCTHBbI€ HEPOBHOCTH, B OOWEM HaKJIOHeHa B HalpaBsleHHu rayeHuA ypoBHsA. 
IlpumeyatenbHo To oOcToxATeNbCTBO, 4YTO eCTeCTBEHHaH WHPKYAWMA Hallcoue- 
‘BbIxX BO He NPHBOAUT 3eCb K BOSHHKHOBeHHIO OOJIbUIOrO KOMMUeCTBA MOBepx- 
HOCTHBIX KapCTOBbIX (popM. 

M3 M3iOx%KeHHOTO BUAHO, YTO HaJIMYMe COJIAHbIX Tel B30HE AKTHBHOM WHp- 

KYJIAIMM HaCOeBbIX BOM He C/IELYeT MOJHOCTHIO CBASbIBATb C PAMHUCTON WwIs- 
mou. Ova caMa ABJIAeTCA CJleCTBHeM Tpowecca pacTBopeHuA coun. JluTep- 
Had COXPaHHOCTb COJAHBIX 3aleKeH B BepXHell TupOMHAaMMYeCKOH 30HE 
OOycMOBsIeHa, MO-BUAMMOMY, TeM, 4YTO HaCbINIeHHbIe paccOJIbl, pH MaJIbIxX rpa- 
AMeHTaxX NaleHuA ypOBHA, OCTaIOTCA Y NOBeEPXHOCTH CO/IM B COCTOAHHH OKO, 
3aulMmlad ee OT pacTBopeHun. ArpeccuBHas BOja MocOMHO Mepemenlaetca Hall 
-paccolaMH;, CKOPOCTb ee ABH2KeHHA BOspacTaeT 10 Mepe ylavleHHA BBeEpX OT 
Booynopa (cousHoro Teva). 
Mbt cuvtTaem, To JoupKeH CYLeCTBOBaTh OnpeseseHHbI AIA JaHHBbIX pac- 
CONOB U MHIbTPAUMOHHON Cpelb! Haya/IbHbI rpalwenT Hanopa, WO MocTMKeHHA 
‘BeIMYHHbI KOTOpOrO MpakTHyecKH HeT (puwibTpanuu. Tlo-suyqumMomy, MMeHHO 
‘TaKMMM KPHTHYeCKMMU BeMYHHAMM YKJOHA YpOBHA HajcoleBbIX BOM, Hapy- 
WalowuMu (HIM CO3{aIOUIHMM) MpOTHBOKapcToBOe. paBHoBecHe *, ABJISIOTCA 
‘YHOMMHABIIMeCH BbIMe YKIOHbI NOpsyKa 0,003—0,005. MoxkHo nosaraTp, 4TO 
TipM rpafMenTax Hamopa, MeHbIIMX, YeEM HaUaJIbHbIM, MepememleHue paccosoB 
BCe Ke HPOMCXOAMT, HO TOJIbKO CO CKOpOCcTbIO HHOrO NopsAyKa. 

HeckoubKoO MOBbILMeHHYIO MHUHepaJIM3allHi0 TpaH3HTHbIX HaCO/JeBbIX BOIL, 
MpowleAMMX yepes MeCTOPOXRMeHHA, HAXOMAMIMECA B COCTOAHUM MpOTMBOKap- 
CTOBOFO PaBHOBeCHA, culelyeT OObACHATH udsy3HOHHLIMH Tpoleccamn. 
| Ha HekoTopbix mectopoxenuax (ComotsuxHo, Menk 4 2p.) HHorfa BcTpe- 
“WaloTCd BOSHHKUIMe eCTeCTBeHHbIM MYTeM GvlOL1eOOpasHble MOHWKeHUA HU BO- 
“POHKH MpocesqaHua NOKPOBHBIX PbIXJIbIX Nopod. Onn oTMualoTca HeOoObIUION 
ruyOuHon (qo 1,0—1,5 m), nomorocTbI0 CK.IOHOB HM HECHMMETPM4HOCTHIO B aHe. 

TeonoruueckHM JOKYMeCHTOM, CBUeTeJIbCTBYIONLUM O MMeBINMX MeCTO Mac- 
tiTaOax KapcTOBBIX IIpoleccoB, Ha MHOTMX COJIAHbIX MECTOPOKACHUAX ABTAIOTCH 
TOJIMILM PAMHUCTHIX, PIMHUCTO-rHMCOBbIX HJIM HHbIX NOpo, MoutHOcTbIO Jo 150 um 
4M Oonee (%). OTH TOMMIM (AMI) BOSHHUKIM Kak OCTATOUHBIN MpOLyKT BBILILe- 
‘JayuBaHUA CoeH WIM Ux ruspomeTamopdusma. Ha JTomO6poBckom yuacTKe MOLL- 
'HOCTbh TAMHUCTO-THMCOBOH uIAMEE JocTuraet 18 M. JLia ee O6pasoBanus jou- 
2KeH Obi] pacTBOpHTbeaA CO KaJIMMHbIX COuleH MolHocTbIO cBBue 110 m 
(cpeaHee coflepxKaHve HepaCTBOpHMbIX BellleCTB COCTABJIA€T B 3THX COJIAX 
15,8%). Tlo-Bugumomy, ToL «UIA» B OoubINel CBOeH YaCTH BOSHUKJIM B Te- 
-pHod KapcTooOpa3s0BaHuA MpH KpyTbIX rpaWeHTax NafeHns ypoBHA Halcoule- 
BbIX BO, HMEBIIMX MeCTO B Mpollecce HHTCHCHBHOFO MObeMa COJIAHDIX Tes Hal 
MeCTHBIM Oa3HcoM ApeHaxa. 

IIpW KpyTbIxX yKJOHAaX YPOBHA HaCOJIeBbIX BOJl BOSHUKAIOWLas Ha KOHTAKTe 
‘€ COJIbIO MeeHa paccosoB NepememlaeTcn MOL LelicTBHeM pasHOCTH rus~pocTatu- 
sgecKoro JjaBJIeHHA, yCTyMasa MeCTO HOBbIM MOPIUMAM MIpeCHOM BOI, B CBA3H 
¢ 4eM YCJIOBHA KapcToOOpa3s0BaHuA OecripepbIBHO BOsOOHOBsAIOTCA. MnTeH- 
CHBHOCTh paCTBOpeHA'A covleli B 9THX CMyYaAX TaKOBa, YTO MOMOOHbIe yCsIOBHA 
He MOFyT COXpaHATECA B reoJorMuecKOM BpeMeHu. YKJOH YpOBHA H OOuLHi 
YKJIOH 3asieraiouiei mol HAM norpebeHHO MOBepXHOCTH COMM ObiIcTpo yMeHb- 
WaloTcA JO COCTOAHHA MpOTHBOKApCTOBOrO paBHOBeCHA. 

Oco6oro paccMoTpeHHaA 3ac1y2xKUBaeT MaJIO MCCJIeOBaHHbI BOMpoc oO Ha- 
Om0faeMou WHOrLa BOLOMpPOHUMLAeMOcTH COIAHBIX Tel. Kak yxKe YKAa3bIBaOCb, 

CKONMAeMbIe COM, BCIeEACTBHe CBOei MOHO.IMTHOCTH, ABJIAIOTCH OObIMHO Te- 
Ha BofoynopHEiMM. Jlyuiiee CBHJeTeIbCTBO STOMY — MHOFOUHCJIeHHbIe Co- 
BepllleHHO CyXHe COAHbIC WaXTbI, PYHKUMOHMpyloulMe MHOrHe flecaTHeTHA Ha 
| 


- Tepmul «MpOTHBOKapCTOBOe PaBHOBeCHe» npeAiaraetcn WA o603HaueHHA TeX CJyuUaes, 
-korjla KapcTyloimaxvAca mopofa COmpHKacaeTcA c HearpecCHBHOH BOAOH, HaCbINMCHHOH I1O C.Jlaralo- 
HM NOpOyY KOMNOHEHTAM. ; 
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pasJIMYHbIX MeCTOPOAMeHUAX (Ka/IMMHbIe WaxTbl ComMKamcKa u I[puKapnatha, 
Aptemopckue covinHble maxTbt B JjoHOacce HM Ap.). 

OjHako Ha HEKOTOPHIX MeCTOPOXKTEHHAX BCTpeualoTcA yuaCTKH COMM, BOsO- 
YMOpHOCTb KOTOpoli yTpaTumacb. B OTebHbIX MOA3eMHBIX Kamepax Muerl- 
Koro H CouJOTBHHCKOrO COJlepyMHHKOB Ha HeKOTOPbIX yuacTKaxX MOTOOUKH 
Ha6muomaeTcA MvouwlawHoe MpocauMBanve HaCbIMNeHHOFO paccosa yepes COAHY!O 
TOJMLY MOULHOCTHIO Jo 80 mM (Menk). Mecramu c yaacTKOB NOTOMOUMH MOULabIO 
B H€CKOJIbKO KBafpaTHbIX MeTpOB (HIM MeCATKOB KBa|paTHBIX MeTPOB) WO- 
CTOAHHO TafaiwoT KallIH paccosla, cosLlaBad «Ow Ib» TOM WH WHOM MHTeHCHB- 
HOCTH. 

Ha6soleHuA MOKa3zasu, TO (UJIbTPaWWA paccoJIOB Yepes COJIb NPOMCXOLMT 
10 C€TH M@XKKPHCTAJIbHLIX MUKPOTPeWlMHOK. OTH MUKPOTPelMHKM BOSHMKAIOT 
B COJIM B NOBEPXHOCTHBIX YaCTAX 3aeKeH B PeSyJbTATe BLIBETPHBAHUA. SOHbI 
BbIBETPHBaHHA MIpOHHKaIOT MHOra B Ble «KapMaHOB» B TyOb COJIAHOTO Tena 
Ha JleciTKu Metpos. Ha Mneukom wu ComOTBHHCKOM MeCcTOpOxwKeHHAX U3BpeqKa 
BCTpewaloTcA YUaCTKH KPYMHOSeEPHUCTON COM, KepHbI (HH OOpasibl) KOTOpON| 
C HeOOJIbIIHM YCHJIHEM MOXKHO pa3pylUHTb pyKaMM Ha OTJeJIbHbIe KPUCTaJVJIBI,. 
B TO BpeMA Kak Tpeled MpOdHOCTH IIpM CKaTHM «CBexKeli» KAMeHHOM COMM DO- 
cTuraetT 200—300 xI/cm? u Govtee. | 

Han6onee OaronpHATHBIMM yuaCcTKaMM JIA} BOSHAKHOBeEHHA MUKpOTpe- 
(\HHOK ABJIAIOTCA YUACTKH pacNpocTpaHeHWA KpYyNHOSepHHCTOH coun (MexK- 
KPUCTabHble MUKPOTPeULMHKH), a TaKxKe MWacTbl, Tle COMb COfepxKUT Mpo- 
CJOHKH COJICHOCHBIX TVJIHH. 

TlpoHuKHoBeHHe BOLL B MAKPOTPeWIMHKH COJAHBIX TeJl MPpOMCXOLUT TepBo- 
HavaJIbHO BECbMa Me@JICHHO, TaK KaK BOfla ObICTPO HacbiaeTcCA COJIbIO, TepsxeT 
arpeCCHBHOCTb, BASKOCTb ee BO3pacTaeT, TeKYYeCTh NOHMKaeTCA. OMHAKO Kak 
TOJbKO JoulequIaA JO MecTa pa3srpy3KH (BbIXOfa W3 COJAHOFO Tesla) Kania pac- 
cola OyfeT yxKe He MOJHOCTbIO HacbilleHa, Cpa3sy %Ke HAYHHAeTCA HHTCEHCHBHOE 
pacluupeHve B MporpeccHpyr!oulux KOJIMY4eCTBax BCe MeHee HACHINLeEHHBIX pac- 
COJIOB W383 FOpH30HTa HacoueBbIx BO. IIpH MalwbHeHuIem pocTe nyTeH MpOHNK- 
HOBEHHA BOAbI B COM OOpasyIOTCA KapcTOBble MOHOPbI, KOJIOAUbI, Nenlepbl. 

KapctTosble o6pas0BaHHA B aHHbIX YCOBHAX BOSHHKAaIOT He TOJIbKO B MeCcTe 
IPOHHKHOBeHHA BOI B COJlb, HO HW Ha NpHeKallux yyacTKax norpedeHHoro 
ee peibeda. Byaarolapa BO3HHKIIeMy KpyTOMy YyKJIOHY Kp¥MBOH Jenpeccuu 
PpaccoJIbl NepeMellaroTCA K OUATY NOPJIOMWEHHA BOLI, OOMAA NOBEPXHOCTh CO. 
WM ycTymaa MeCTO arpeCCHBHBIM Bo,aM. B nogo6uElx culyuaax, Np BOLOOOMIb- 
HOM TOPH30HTe HafCOJIeBbIX BO, KapCTOBble TMpoleccbl B COJIM NpoTeKairT 
C UpesBbI¥aHHO BbICOKOM AKTHBHOCTbIO HW COMpPOBOKLaoTcA OOpasoBaHHeM Ha 
HEBHOM NMOBePpXHOCTH OOAWeoOpasHbIX NOHWKeHHH WM BOPOHOK Npocesanun 
B MOKPOBHOH TOJIMe, a TakKXKe KapCTOBO-cydtbOSHOHHEIX BOPOHOK, JOCTHTato- 
IMMX WMHOTra KPyMHbIX pa3MepoB. 


JleHHnrpaacKHii rocy LapcTBeHHbIi YHHBepcHuTer Tlocrynusio 
um. A. A. )KqaHopa 7 VII 1960 
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Hoxuagn Akagemuu nayr CCCP 
1964. Tom 136, Ni 4 


MHHEPAJIO‘ AA 


ie A. B. PYMHEBA u T. A. MAJIBILUEBA 


HOBbIE WIJIAKOBbIE MHHEPAJIbI — WE®TOCHJ HW WEJIAHHT 
(I]pedcmaeaeno axademuxom H. B. Beaossim 3 V 1960) 


' 


* Meccnefopanve umeno wenbio yTouHeHve HM JeTamM3alMio cbasoBoro cocTaBa 
QAHOM Pa3SHOBMAHOCTH JOMCHHBIX WwWIaKOB. B pe3yuJibTaTe Halle padoTbl Gpi0 
ycTaHOBJeHO, YTO NoMuMo qbuiooputa (CaF2) w Kycnu~unHa (Ca,ySi20;F2) B uc- 
tEMOBaHHbIX WlaKaX MpHcyTCTBy!IOT TakxKe [BA HOBbIX Pe/[KO3CMEJIbHbIX MH- 
depasa, XMMMKO-NeTporpaduyeckad XapakTepHCTUKa KOTOPbIX HW ABJAeTCA mpes- 
METOM HACTOAUIero COOOUIeHHA. 

* O6a HOBbIX peAKO3eMeIbHLIX MUHepada OOpasyioTcA pH NOHO nMepeKpu- 
‘TaIM3alMH UCXOMHOrO BellecTBa C yuacTHeM XUAKON caspl. Jia u3sBneweHHA 
WUX MMHEPaJIOB H3 WWaKOB MpeABapHTebHO NOTpeOoBaOCb MOOUTECA yKpyll- 
MCHHA MX KpHCTasIMuecKOH cTpyKTypbl. Kpuctaiusalua WiaKOB Oblla TpoBe- 
feHa B neun Tammana 8 rpadutoBbix Turaax. Wnaxu JoBogunucbh Zo momHoro 
JACNAABJICHHA HW NOMBepratHch MeJWIEHHOMY OXJIaxKyeHHIO (1°/mMMH), Tocme 4ero 
DA3MEpbI OTICIbHBIX KPHCTaIM4YeCKHX (a3 WWIaKOB OblwiH ykpynHeHE! Oo | MM 4 
Sonee. STO NO3BOMHNO MpHMeHUTh JIA UX MocJesyroulero pasyenmeHHa MexaHu- 
wecKHe MeTOJbI. SHAYMTeIbHAaA pasHulla B YJeJIbHbIX BeCaX MHHeEpaJOB peAKHX 
3EMEIb TIO CPaBHEHHIO C (PTOPHCTLIMU CHJIMKAaTaMH HM rasousamMw (KyCNHAHHOM uM 
pirOOpHToM) OOycIoBUIa BeCbMa UHCTOe OTIeJIeHHe PeKO3eMeJIbHbIX MUHEpaJioB 
3 TAXKENOH PpakUHH Mocie WeHTpHdyrMpoBaHuA B WKHAKOCTH Kaepuua c yjeJib- 
abIM BecOM 4,25. OfHOda3sHOMy CocTaBy TAxKeIOH PpakUMH CMOCOOCTBOBAaO ele 
{ TO OOCTOATEILCTBO, YTO B BbIOPAHHbIX WIA HCCeAOBAHUA WIaKaXx pasmMualo- 
MUXCA MO COfepKaHuIO THTaHAa MU 3aKHCH 2Keesa, BCera NPUCyYTCTBOBAa TOKO 
WMH H3 JBYX OMpeseAeMbIX pe/KO3EMCJIbHbIX MHHEpaJOB. 

Tlonubie XUMMUeCKHe aHaJIH3bI BbIAeJIeHHbIX M3 WJIaKOBOM MAaCCbl peqKose- 
WEIbHBIX MMHepasoB ObliH cfenaHbl B. $1. Wesnopol. Peutrenomerpuyeckoe 
aCCIeloOBaHHe STUX MUHepasoB m0 MeTosy Jle6an u Ilepepa c pacuetom mex- 
TOCKOCTHBIX paccTOAHU Obiio npoBeyeno M. C. Mose. 

M3 AByx onpesesembIx MHHepasloB HanOobiee pacipoctTpaneHve B ia- 
sax MMeeT QTOpHCTO-peAKOSeMEJIbHbIM CHIMKaT, Ha3BaHHbllt HaMH WedTocu- 
fom (Wepuii-drop-cuuKat). Llerocus o6pasyeT cToOuaTble KpucTasib! rek- 
‘arOHaJIbHOM TpH3MbI C MpaBHJIbHO WIeCTHYFOJIbHbIMH TNONepeyHbIMU ceue- 
tMsMu. Be3 aHau3atopa GeciiBeTeH. Cusia ABOWHOrO Jy4eNpesOMJeHHA He BILE 
0,015 (Geax, xenTopaTad MHTepdepeHWMOHHAaA OKpacKa MepBoro NopsApKa). 
YracaHve lpAMoe, yAIMHeHve MOsOMKUTeNbHOe. OnTHYeCKH OfHOOCHBIN, MOJO- 


KUTeJIbHBIN. Nz = 1,82, N= 1,78. XapakTepHble reKcaroHaJIbHbie CeyeHHA 
} Toro MMHepasia B Co“eTaHMM C eFo ONTHYeCKOH XapaKTepHCTHKOM aloT OCHO- 
|3aHve CuMTaTb, 4TO WeTOCH KPHCTaIMsyeTCA B TeKCaroHaJIbHOK MIM TpH- 
} OHaIbHOH cuHroHHH (puc. 1). MexrsocKOcTHble paccTOAHMA WedTocua NpH- 
sefleHbI B TaGu.- 1. 

‘Xumuyeckuh cocTas wedTocusa MpuBoLMT kK cJefylomleH copmyuie: 
m(Ca, Ce, Nd, La, Pr),SiO,](F, ©),, (cm. Ta62. 2). 

) Takum o6pa3o0m, wedTocHl sABIAeTCA OKCH-(TOPHCTLIM OPTOCHJIHKAaTOM 
JIbUMA U PeIKUX 3eMeJIb, T. €. OPTOCHIMKATOM C OOABOYHBIMU aHHOHAaMH *Topa 
i kucnopoga. [Ipucyrcrsue AoOaBouHLIx aHvonos F~ u O* B pemieTKe Wedro- 
‘ma OOyCIOBJeEHO TeTepOBaJIeHTHbIM 3aMelleHHeM KaTHOHOB Ca?* paBHoBe- 
i 
f 


(Weal 


ay 


2 
a © aaa 
MexknocKocTHble paccTOAHHA uwedTocua nu WelannTa 
. 
{ 


Llerocu.a Llemanur Llebrocust Llenanut 
NoNo vi d, A&A INo.No il d,A JNoNe I (ily ON INoNo I ak 
he Vanes 4 Fn Ubeaew 20) 124 20) 4 | 0,896. 
2 aS 2 {.|2,4 21 3 fe 21 4 | 0,849 
3 Be) ests 3 PKG) 22 | ihacilee) Py) 4 0,808 
4 3 260) 4 Ze Deed 23 1 lt ‘ 
5 3 1,9 oD 3 [05 Zh | 1,06 
6 3 ila) 6 4 104. 20 | 1,03 
te 3 ERS) 7 3 Zl 26 3 1,01 
8 3 1,8 8 2 1,67 2H 3 0,962 
9 a bie) 9 5 ite 28 3 0,891 
10 3 lewis: LO on al dos 29 4 0,879 
id 2 | 66 (1 ze} 1,360 Bo 3 0,865 
12 2 LAS eather mic 4 ea ol 3 0,841 
13 2 {56 13 5) 2 a2 3 0),845 
14 4 |, 49 14 3 (hf) ao | 0,802 | 
15 Se an eee eee) 15 3 eS 34 3 0; 790 
16 HO Pelle SF Ulises 16 a 1,10 35 a 0,785 ; 
17 Tee ec: L7 5 0 1806 laude 3 0,782 ’ 
18 epee Oy RD ae een a ele 37 | : 
19 3 {25 (9° | 4° '|'0 924 
| | ‘ 
4 
Ta6auna 2 
NMHMHYeCKNH cocraB Wedrocuva 
| Mouexy- mh ’ Mouexy- Sencies 
Z r aapype | ¥aoe 3 aapHpie | ¥ aos 
Oxucubl a 6 SOMMHese | aeuae Oxueubl a a) Konuue- | SEES 
cTBa SES¢ cTBa = eS 2 
Pe = Bt = | om! 
SiO: 19,04] 20,0 333 By § O54 
TiO, 1,82 BaO Car = 
AlsOz 1,80 RT 57,00} — 
FesOs O 7 60 F 4 Fs 18 4 220 2D, a , 
FeO = = CeO, — 28,0] 175 1,8 
MnO 0,06 Cs Nd2O3 ae 14,5 A3 
CaO 15,60) 16,5 294 cave Al La,Oz wee 14,0.) 34 95 | 
MgO 0,65) — Pr.Os es OO ns Ss 
P3035 — ao > LO4 , 42] 100, 0 
Mopmywia 7SiO,-6CaO-4F-4CeO,-2(Nd, La, Pr),Os\.uan .7{(Ca, Ce,.Nd, Lag 


Pr)sSiOs|(F, O)so. 
IIpumeuannue. @—no JavHbIM XHMHMUeCKOrO aHaH3a, C OMpeseswenveM O6meh LRT; 


O-—B Hepecyere Ha 100% 3a BbIUeTOM MpuMecelt uM pactmiMd@poBKoH cocraBa XRT mo au 
MbIM CHEKTPaJbNora anaviusa. 


JIMKMMM KaTHOHAMH peAKHX 3eMEJIb, HMeIOULMMH Ooslee BHICOKUM NOMOMKUTEMb 
Hb saps [Ce** u (Nd, La, Pr)?*]. 

Tlofo6uoro pola coeHHeHHA MOryT ObITb YCTOMYMBbIMM TOJIbKO B llWiaka 
C HH3KHM cosepxXaHHeM KpeMHe3eMa, OOeCIeYMBAaIOUIMM OKMCHO-OpTOCHAMKAaTO 
BbIit THM WWIaKOBOrO pacnwaBa, Ip KOTOpoM HaOJOfaeTCA U3ObITOUHOe KOJI- 
YeCTBO CBOOOAHBIX HOHOB KUCJIOpOa Moce OOpasoBaHHA KPeMHEKUCOPOAHbI 
aHHOHOB (SiO,)4" c HaHMeHbUIMM OTHOMIeCHHeM KATHOHOB KPeMHHA K aHHona 
Kucmopoqa (1: 4). 

JIpyroii peqKo3eMeJIbHbI MUHepa/l, Ha3BaHHbIM HAMM WeslaHHTOM MO pe 
oO/laaHvio B ero cOcTaBe CpeH SJIEMCHTOB peAKHX 3eMeJlb IepHA, MaHTana 1} 
HeOwMMa, MMeeT MeHbIee pacnpocTpaHeHMe B HCCIeMOBAHHHIX Iakax, YeN 
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WepTocu, Tak Kak efO MIpHCyTCTBHe LOJUKHO ObITh IIPHypoueHO K AOKaJbHOMY 
oOorallleHHIO MpOMMaBIAeMbIX MaTepHanoB TiO, (cm. Ta6z. 3). 


XMMHYeCKHH cocTaB WeJIaHHta 


Dawa a 


ie) 


Mouaexy- one : ie: Mowe 
OKucutbt a ) Se Hg 82 Oxucapt a 6. a cor 
cna | ote crea | orm 
SiO, 0,64) — | 454 ditty) S 0,06} — 
TiO; 12,15) 412 See Py) BaO Cn. = 
mee a 16 56 IP 0,06, — 
€203 9 9 WR 46 o 
FeO — — CeOz a 20, |. 425 1,6 
MnO 0,04; — La2O3 — NL 34 
ee ape 17 | 303 3,8 Nd3O3 = ae 33 }79 | 4 
g ’ ! ate Pr,O3 —_— 4 42 
a | lide 100,74| 100,0 


®Popmyaa’ [2TiO,-3(Al, Fe),03][4CaO-2CeO, (La, Nd, P2)203 umm (Ca, Ce, La, Nd, 
Pr)-(Ti, Al, Fe)-O3 = A-B-O3. 


I] puMewanne.i @—NO JaHHbIM XMMMYeCKOrO aHasH3a, C OMpesenenuem OOmelH BRT; 


6]— B tepecuere Ha 100% 3a BEIMeTOM TpuMeceli u paciMppoBkoH cocraBa LRT mo qan- 
(HBIM CheKTpadbHoro aHasu3a. 


IlenaHuT pescTaBeH B Bue KyOMUeCKHX KPHCTAJJIOB, B CeYeHHAX WIMdpa 
Wawulux WpaBusIbHble KBaspaTbl (pic. 2). Bes avasM3aTopa — KOPpHUHeBATO- 
2KeNTOFO WIM JIMMOHHO-2KesITorO uBeTa. Iloqo6Ho KHOMUTY (llepHeBoMy TepoB- 


Puc. 1. Mpuamatuueckne KpuctTabt WepTocusa B oMeHHoM make (a) H 


ceueHHe KpHCTaia ueptocuia (6). 200X, 


TlOMepeC4HOe -1MeCTH yTOJbHOe 
6e3 aHaJlH3aTopa 


CKHTy) HM HeKOTOPLIM pa3HOBHAHOCTAM TpaHaTa, KPUCTAaJIbI WenaHuTa ONTH- 
4eCKH AHH3OTPOMHbI HM B OOMbIIMHCTBE CLyYaeB OOHAPYAKUMBAIOT COKHOe NOH- 
eCuHTeTHUeCKOe ABOHHUKOBaHHe. BaarofapaA CTyMeH4aTbIM copMamM poctTa KpH- 
CTaMJIbl WemaHuTa OOLIYHO OTIMYAaIOTCA KOHILEHTpW4uecKOH WITpHxoOBKOH 6e3 
aHaM3atopa (puc. 3a) HM xapaKTepHbIM KpeCTOOOpasHbIM yracaHwem B CKpe- 
MMCHHBIX HMKOJIAX: KPHCTasubl Kak Obl pasfe/AIOTCA ABYMA MMaroHaNAMM Ha 
geTpIpe PaBHOCTOPOHHUX TpeyrouIbHuKa, yracaHe KOTOPbIX MpOMCXOLHT Mo- 
HapHo KpecT Ha KpecT (puc. 46, cm. Bkueliky K cTp. 100). IloxasaTerb npesom- 
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t 


eHu wy au 2 35 0 
JIGHHA N > 12 (onpeweeH B crIiviaBe cepbl Cc CeJIGEHOM B HH ep BaJle = % 
’ 


ceyleHa). 
XumMuyeCKHH CocTaB WewaHuTa 


La, Nd, Pr)-(Ti, Al, Fe)O;, 4 


Puc. 2. Ky6uueckue KpHCTailJIbl WeJla- 
HHTa (Cepoe) B JOMCHHOM  IlWJaKe. 
200 , 6e3 aHaIu3aTopa 


(cm. Ta6u1. 2) MpHBOLUT K opmyste (Ca, Ce, 


3 uero BHJHO, 4YTO WeJIaHHT ABJIACTCH CJIOYKHBIM 


okucnom Tuna A-B-Os;, rte A = Ca?*, Cet 
Lat? Nd?*, Pré* « B= Tit’, Ale”) Fetm 
Takum o6pa30M, 3TO COeqHHeHHe Mpescras- 
JiseT TOT cslyuaH reTepOBaJIeHTHOrO H30MOp- 
(bu3Ma B THMe TMepOBCKHTOBOM CTpyKTypbl, 
Korgja Ca2* 3amemlaetca PaBHOBeJHKUMM HO- 
HAMM pe/[KHX 3e€MeJIb Oovlee BbICOKOM BaJIeHT- 
HOCTH, a 4eTbIPeXBaJICHTHBIM THTaH — Tpex- 
BaJICHTHBIMA paBHOBeJIMKHMH HoHamu Al?* 
uw Fes", 

PeHTreHoMeTpuyecKoe ‘cceOBaHHe e- 
JIaHUTa TMO3BOJIHIO BbIABUTb MOUTH TMoOsHOe 
copnafeHve e€fO MeKIVIOCKOCTHBIX paccTos- 
HUH C M@XKIMIOCKOCTHBIMM paccTOAHHAMH 
mepoBckuta (cM. TaOu. 1, puc. 4, cM. BKuelt- 
Ky KcTp. 100), 4TO ABIHeTCA MONOMHUTeCIbHEIM 
MOATBepKeHveM eFO IpHHaexKHOCTH kK 
MHHepasiaM TepOBCKUMTOBOH rpynmyl. 

Oco6eHHOCTH XHMMUYeCKOrO cocTaBa Hc- 
CJl@lOBaHHbIX JOMeCHHBIX LIIaKOB, a HMeHHC 
HU3KOe COsep2xKaHve B HUX KP€MHE3eMa Hi BBE 
CoKoe Coflep2KaHHe KaJIbILMA, (TOpa HU peKUX 


3EMEJIb, OOYCJIOBIMBaIOT YCTOHYMBY!IO KPHCTAMM3alMIo0 OPTOCHJHKAaTOB | HI 
JIMOPTOCHJIMKATOB TOJbKO C OOABOUHLIMH AHWOHAaMM QTopa WMH KuCMOpoOsa. 


Kpome Toro, 6M30CTb MOHHBIX payuycoB KaJibuua 
peAKUX 3eMeJb IPHBOLHT K KpHcTau3alHH MMHe- 
PaJIbHBIX (a3 C IWHPpOKMM H30MOpH3MOM MexKLy 
yKa3aHHbIMH KOMIMOHeHTaMH. 

I]pumMepoM TaKkHX COeIHHeEHHH SABJIAIOTCA BIep- 
Bble OOHAPyKeHHble HAMM B UCCJIeMOBAHHbIX IWlakax 
MHHepavJibl We*Tocw u welaHutT. JleTanmbHoe XHMHKO- 
neTporpatbuueckoe H peHTTeHOBCKOe H3y4eHHe STHX 
MHHepaJloB, TipelBapHreJIbHO BbIJeJeHHbIX U3 Iva- 
KOB, IIpHBeJIO K BbIBOAY, 4YTO HepBblii (edTocHs) 
ipekcTaBiaeT coOok OKCHdTOpHcTHIM OpTOCHIHKaT 
KaJIbuwa HW Crea 3eMesIb, coctaBa 7[(Ca, Ce, Nd, 
La, Pr).SiO,|(F, O),;,, 4 BTopow (memaHHT) — c0x*K- 


Puc. 3. Crynenuatie dop- 
Mb pOCTa KpHCTaJJIOB Wea- 
HHuTa. CneBa — 6e3 auHa- 
JIM3aTopa, clipaBpa — uHE- 

Koun +. 300 x | 


Hb = oKucel, THIa A-B-O; ¢ H30MOpdHbIM 3aMelleHHeM KaJIbUMA pelKUMy 
3eEMIAMH UW YeTbIPEXBAJICHTHOrTO THTaHa — TpeXBaJICHTHbIM MKEJIE3OM MH aJIIOMH- 
HHeM. CocTaB leJlaHuTa MOKa3bIBaeT, UTO ero MpucyTCTBHe CTporo JIMMUTH- 


pyetcH cofepskaHHeM B Iljlakax THTaHa. 
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rEOXHMHA 
M. A. TJIATOJIEBA 


SAKOHOMEPHOCTH PACIIPEXEJIEHHA 3SJIEMEHTOB 
B COBPEMEHHBIX OCAJKAX YEPHOrO MOPS 


(ITpeccmaeaeno axademuxom H. M. Cmpaxoeuim 27 VI 1960) 


PacmpefeyieHve 3JIeMeHTOB B YePHOMOPCKHX OTJIOXKeHHAX U3y4aOch Ha 
MelMaIbHO COOpaHHOM MaTepHasie B KouHYecTBe 180 npo6, B OCHOBHOM J\HO- 
[eplaTebHbIX, Pa3sMeMeHHBIX Ha IWIOWawM Oaccelina CpaBHUTeIbHO paBHomep- 
10. MccefoBaHnuio NOsBeprasucb TObKO COOCTBEHHO COBpeMeHHbIe OCALKH B Tvia- 
‘Te MOLHOCTHIO Jo 10 cm, mpescTaBeHHbIe B HallleM MaTepvase pakylIHMKamu, 
feCKaMH, asIeBpHTaMH,  Ccj1a60-M3BeCTKOBbIMH rIHHaMH ¢ CcosepxKaHveM 
JaCOs Jo 30%, riMHMCTO-H3BeCTKOBBIMU WaMu c CaCOs or 30 no 50%, u3pect- 
<OBO-IJIMHHCTLIMM WaMu c CaCOs or 50 go 70%. 

Ta6Onauna 1 
Pacnipeyenenve 2eMeHTOB B COBPeMeHHHIX OTMOKeHHAX UepHoro Mops (cpeqHue Janubte) 


Cc 


OcayoKx Fe Mn opr Co 


Ni | cu 


vie 


T]poueHTHoe cogepxKaHve Ha HaTYPaJIbHbIN CyxXOH OcaqoOK 


-akyluHuKu (++ mec- 
KM C pakylmei) { 
Tecku 2 
\WIEBPHTBI (++ avieB- 
poneaurpl) 3 
\JIMHUCTBIC HJIbI 3 
‘\IMHHCTO-H3BeCTKO- 


,18}0,032}0,031; 60  |0,065| 0,66 |0,0013/0,0025|0,0019]0,008 |0,0013 
2,72)0,060)0,043) 16 0,008} 0,24 |0,0047)0,0035)|0 0033/0, 0020)0 , 0008 


5|0,066|0 052} 12,3 |0,005} 1,00 |0,0099]0 ,0065)0 ,0050/0 0029/0; 00114 
8/0 0550 049} 18,3 |0,010} 1,51 |0,0098)0,0084/0 ,0067|0 ,0030)0 , 0012 


-BbIe HJIbI 2,6510,045]0 ,059} 39,5 |0,027] 2,8 |0,0068/0,0051)0,0044)0 , 0026/0, 0016 

IspecTKOBO-riHHH- : 

'CTbIe HJIbI 1,91)0,036 0,055] 57,4 |0,029) 3,7 |0,0037|0,0032/0, 0040/0, 0025/0 ,0016 
OTHOCHTeJIbHBIe KOHUEHTPalun 

lecku 4 1 1 1 4 1 4 | 4 1 

JIB UTI eee O AO a0! Ooo yl ae Ou) 2,10 Io: iio eA | aleve 

\MMHUCTHIC HIbI oo, oed lait. 14) 4. 25 Geo 210) ROM OS are On el 0) 

JIMHUCTO-H3BeCcT- 

KOBBIC HJIbI OO SROMTS4ie35 2), 4713537) 44196. 1-7 45 49D AO 4733, | 130" 2500 

[3BeCTKOBO-PIHHH- 

“CTbIe HJIbl OU. 00 )1.28.13,09) 3,62 |. 15,40). 0,80 1.0591 Waoad bh te2or OO 


: Kak BuHO v3 Ta6l. | u puc. 1, pacnpeserteHHe 3/IeMeHTOB B YePHOMOPCKHX 
taKax MpHualviexkuT'ynopsqoyeHHomy craxkenHomy tury (, *). 

Ilo xapaktepy pacmpejenenua B netTporpadwueckoM pay BCe 3/IeMeHTbI 
azOuBaloTCA Ha JiBe FpyMMbl, HHAMBUAYaJbHble YepTbl KOTOPbIX APKO MpOAB- 
MIOTCA HATpauKe OTHOCHTebHEIX KOHWeHnTpallui. [lepBylo rpymny cocTaBistoT 
3, Cr, Fe, Mn, Ni, Cu, y KoTopbix nNocule BO3pacTaHHA KpHBbIX OT MeCKOB 
TuMHaM CylelyeT Oonee HIM MeHee pesKoe MafleHHe K HJlaM H3BeECTKOBBIM. 

_ Bropyro rpynny cocrapasiot P, Cop, Co, Ca, Sr, MokasbiBatoulHe HeMmpepbIB- 
bIM pOCT KOHICHTpallu OT MeCKOB K rIMHaM M M3BECTKOBDIM HJ1aM. 
/Tipwunvoli pasqeneHua U3yueHHbIX 3JIeEMeHTOB Ha JBe rpyMiibl NO XapaktTepy 
pacnpefeeHusa B pa3HbIX THMaxX COBpeMeHHIX ocaikcB UepHoro Mops sB- 
leTCA HeOMHaKOBaA cbopMa MUrpallHH HX B MHTAIOuIMX PeYHBIX Bosax. 

| Axanus MaBOAKOBEIX BO, pex UepHomopcKoro Gacceiina (*,*) noKasan, 
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uto V, Cr, Fe, Ni » Mn murpupyioT B peyHBIX BOJax B OCHOBHOM B (opMe B3Be- 
ceii, npuuem V u Cr riaBHbIM 0OpasoM B asleBpHTOBOM Hi rpyOoneJHTOBOK (ppak- 
IMAxX (Ha 4UTO YKa3bIBaIOT KpHBbIe pacnpeseenus), a Fe, Ni, Mn —B TOHKOU 
(bpaxuun (oOoraneHHEIx, Hanpumep, Fe uw Mn B 1 ,5—2 pasa lo CpaBHeHH1O 
c rpyOol B3BeCbIO), 4 Tak»xKe YaCTHUHO 
B pacTBopeHHoi cbopme. B murpalluy 
Cu, Co, Copr, P, Ca, Sr pesKo Bospag 
cTaeT pOJib pactTBopos (?). B rpaHy.lo- 
nse | MeTpHYeCKOM crileKTpe _Bapecelt MaKcu- 
: MYM Y 93JIEMeHTOB STOH Fpynnbl mepe- 
MelaeTCA B TOHYAHWIMe pak, O 4eM 
rOBOpUT OOoralleHHOCTh TOHKOM (pak- 
IMM Pe4HbIX B3BeCelH MO CpaBHeHHIO C 
Sr rpy6oi, Hanpumep, P B 3—5d pas (?), 
Ca TakumM oOpa30M, IIpHuwHon pase 
JIGHHA W3YSeHHBIX 9JIEMeHTOB Ha [Be 
rpynmbl Mo xapakTepy KpMBbIX Ha Ue 
aJIbHOM JIMTOJIOrH4eCKOM T1podHuie AB: 
JiseTCH HEOMMHAKOBaKd (popMa MX MUrpa 
IMM B PpeYHBIX BOaX; Mp 3TOM pas 
BUTHE pacTBOPOB H llepeMelleHHe MaKcH: 
MAJIbDHBIX COJep2%KaHHH OT aJleBpHTOBO! 
M rpyOoneJHTOBOH K TOHYAahUIeH Ppak 
Co  WHH B3BeCH BbI3bIBAeT TATOTeHHE JJ: 
M€HTOB K TOHKOJHCHepCHbIM BbICOKOKap: 
6OHAaTHbIM TMewarHyecKHM aM. OT 
TIOJIHOCTbIO OTBeuaeT TOMY, 4TO OBI 
MOKa3aHo paHee Ha JpeBHUX OCaOUHbh 
mopoyax (%,4). | 
V3yyenne reoxumun Uepxoro mop! 
ole = CONpOBORLalocb + MOCTpoeHHeM Kap 
OFe MOULAHOTO pa3MelleHHA 9JIeEMeHTOB. 
Min Ilpu paccmoTpeHuu STHX KapT Opo 
caeTCaA B rasa pasesieHHe BCex SJIeMeH 


; Anebpu- \lnurnuc- | fnunucmo- | A3becm: 
ecru ray TOB Ha JiBe rp yiilibl, OTJIMUHbIe TIO Xé 


pakTepy MpocTpaHcTBeHHOrO pa3Mellle 


12 
Cope 


HHA. 
Puc. |. Pacnpexenenue 91eMeHTOB B CoBpe- 
MeCHHBIX OCayKax UepHoro Mops (B OTHOCH- I Ppyuly COCTAaBIAIOT V,Cr, Fe; N’ 
T@JIbHBIX KOHICHTpalluAx) Mn, Cu, Jlatouyve o4eHb CXOJHBIe Kaj 


THHbI pa3MeUleHHA Ha IOULaM, OTH 
Hble JIMUIb B JeTasax. Puc. 2 npescral 
JideT KapTy pacipesenenua Cr, THIMGHy10 Jaa semeHToB I rpynnpl. HerpyaE 
BUeTb, 4TO B MMOULAMHOM pa3MeLeHHH YeTKO MPOABAeTCA eHcTBHe BY 
(bakTOpoB H Mpexkye Bcero JeHcTBHe KapOoHaTHOrO pa36aBHTesIA, YCHJIMBaK 
lkeeCA TO Mepe MOBbIMICHHA KapOOHAaTHOCTH OcaKa. SOTO BbIpaxKaeTcA B TON 
4TO BCe y4aCTKH MHMHMMAJbHEIX COLepxKaHH STHX 3/eMeHTOB (Kpome Cu) I 
CBOeCH MIpOCTPpaHCTBeHHOM JOKAaJIM3allHH B TOUHOCTH OTBe4aIOT YUaCTKaM BBIC 
KOKapOOHaTHBIX HWJIOB Ha KapTe KapOouaToB (pvc. 3), H Hao6opoT — yuacTi 
MAKCHMYMOB 9THX 3JIEMCHTOB OTBeYAaIOT C1a60-H3BECTKOBbIM TJIHHaM. 

Uerko BbIABIAeTCA TaKKe POJb OTIeNbHBIX yuaCTKOB nNoGepexbsa, yc 
JICHHO IIHTAIOUIMX BOMOeEM STHMH 9JIeMeHTaMH. Tak, CABHHYTOCTb HX MaKC 
M@JIbHBIX SHAYeHHH K TypelLKOMy HM KaBKa3CKOMy nOoGepexKbaAM OObACHHAeT 
He TObKO JlOKaIM3alweH 3eCb cia60-KapOoHaTHbIX OCaKOB, HO HM ycuse 
HBIM NOCTYIWICHHeEM STHX SJIEMCHTOB C MalOa3HaTCKOrTO MoGepexKbA B cocTa 
OOJOMKOB 3thpy3HBHBIX MOpof, OoOraTHIX TAKeIMA MeTanamu. STo MC 
TBep*KaeTCH KapTOM pacipocTpaHeHHA TeppHTeHHBIX MMHepaJOB B OCalK 
Uepxoro mops (no B. II. Macuosy, 1929 r. (ur. no (8)), moKasaBmeli o€ 
TauleHHOCTb 10rO-BOCTOUHOM YaCTH MOPA MMHepasaMH H3BepxKeHHbIX MOpC 
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_ Il rpynma sementos —P, C,p-, Co, Ca— pesKo otmuuna or MlepBou rpynnsl 
[0 xXapakTepy pactipexeeHuA Ha MOWaqH, YTO XOPOMIO BULHO M3 KapTbI pac- 
(penenenua Co (puc. 4), TunuuHoit Ana snementos II rpynnpr. Kak puny, 9TH 
WICMCHTEI HE IIpOABJIAIOT 
‘ATOTCHUA K olpeyemen- 


ibIM ydacTKam noGepexKba ss, sis = 

(ak HCTOUHMKaM HUTaHHA, pope ae i) <0, 00.45% 
1 a1oT JLOBOJIbHO poBHbIt A Vas (1 1)o,0045-0,0099 
DOH cpeqHHx cofep2Ka- Oe Ge ree Eee geese 


IMM TO BCeM MIOuWLalu Mo- 
)q C MAKCHMyMaMu, y 
JASHbIX JJIEMCHTOB B pa3- 
10H CTeleHH CIBUHYTHIMU 
IT TOOepexKbA K Medarva- 
f, B OOMacTH xasMcTa3. 
TBASb C ToOepexKbeM ys 
TUX 9JIEMEHTOB COXpa- 
IM€TCA JIMIIb B Bue He- - 
| is al dg ita Puc. 2. PacnpegeseHve xXpOMa B COBPemenHpix oCaqKax 
(BIX cOoyxepmwaHun, pas- Uepnoro mops 
jpocaHHbIx BOM3H Kas- 

raga wu Kpbpima. 

Bropoe oTmvuve 3/IeMeHTOB STO rpyMllibl OT 9eMeHTOB | rpynnbl saKksio- 
faeTCA B TOM, 4TO B MX IMOMLAaIHOM pa3MeIleHHM B HaTYpaJIbHOM oCcaJKe JleH- 
‘TBMe KapOoHaTHOrO pa3sOaBUTeIA MOUTH He CKa3pIBaeTCA. OO STOM CBHJleTeJIb- 
TBYeT TOT (baKT, UTO MemarMuecKHe yYaCTKM M@KCHMAJIbHBIX HM IOBbILeHHDIX 
lOMep%KaAHMU STUX JJEMEHTOB MPOCTpaHCTBeEHHO JIOKaJIM3yIOTCA TaM xe, rye 

: Tleylaru4eck He BLICOKOKap- 
OoHaTHbIe UJIbl Ha KapTe 
7 KapOouaTos (puc. 3). 
ZA 50% IIpuunHoH U3MeHeHHA 
4 
CXe€MbI TJIOW,aHOrO pac- 
IIpeeJICHUA TIP nepexoje 
OT OMHOW rpyMibl 9IeMeH- 
TOB K [Apyrou ABJIAIOTCA 
OMATb-TakKU HeOMHAaKO- 
: ss Bbie (OpMbl MUrpalluu y 
nL Wy [Ds STHX JBYX rpynl 91emMeH- 
Ll Fe ina TOB B MWTAawUlMX pe4HbIx 
SOU BOaX. 
aa Kak yxKe oTMeuaJocn, 
V, Cr, Fe, Ni, Mn murpu- 
; PylOT B OCHOBHOM B (popmMe 
. Be ex calisoecro ae? B COBPpeMeHHBbIX BaBecel vatesrianntrenes 
- HOW CTeneHH B pacTBopax. 
: - O6malax CcpaBHUTesIbHO 
fajloh TeCOXHMM4eCKOH MOABHXKHOCTHIO, ITH ZJIEMeCHTbI B NeslarHyeCKHX 30HaX 
(OHKOMMCHepCHEIX BbICOKOKapOOHATHEIX WJIOB HaKallIMBaloTCH B HesHayuTedb- 
(OH cTeneHH HM OOpa3yioT 3feCb NATHA MOHWKEHHBIX COJepKaHWH B HaTy- 
laIbHOM OCaqKe Oylarolapsx pe3sKomy JelicTBMIo KapOoHaTHOrO pasOaBHTes. 

Jina Co, Copr, P xapakTepHo CHJIbHOe pa3BHTHe paCTBOpPOB, NOCTeNeHHO 
SbITECHAIONLUX B3BeECH. STO OOCTOATeJIbCTBO CTHMYJIMpyeT XHMMYeCKOe OCaK- 
(eke KomMmoHeHToB. IlocKobKy xe BbINABMIMe TBepsble (asbl HHUTOXKHI M0 
j)a3mepam (B CHy HWUTOXKHDIX KOHICHTpallMH CaMMX pacTBOpoB), OHM CHO- 
TCH B TelaruyecKkHe 30HbI TOHKOJMCHepCHbIX BbICOKOKapOOHAaTHbIX HJIOB H, 
/ (30bITOUHO HaKONJAACh 3fecb, CO3faIoT NATHA NewarMyecKHX MAKCHMYMOB, IO 
} Boel WOKaIM3allHu CoBMaarollve C yYaCTKaMH MA@KCHMaJIbHOM KapOoHaTHOCTH. 
| Cu, HavOoviee noxBHxKHaA MO CpaBHeHHlo C J pyrMMy 3JleMeHTaMu I rpynmpt 

aoe 


af 
Wie 


B BOCTOUHOM 4aCTH MOpA yxKe He HCHBITLIBAeT TaKOrTO pe3KOrO AeHCTBHA Kap 
GouatHoro pa3OaBuTeA, KaK V, Cr, Fe, Ni, Mn, 4 o6pa3yeT HeOoubuIOn Nené 
ruyecKuii MaKCHMyM B 3araqHoli uacTH Mopa, B OOaCTH BbICOKOKapOOHaTHI 
WJIOB, IpHOwKAACb STHM K SuleMeHTaM II rpynnel. | 

CopnageHve pe3yJIbTaTOB paciipesesleHHA SJIEMeHTOB MO THMaM COBpeMer 
HBIX ocaqKoB UepHoro Mops Cc pe3ybTATAMH pa3MeleHHA HX Ha MMOWayM Mc 
3BOIAeT HAM CilelaTb CJIeMyIOulWe BbIBOJII: 

1. PacnpefleseHue pacceAHHbIX COJepKaHHi SIeMeHTOB Ha nuomaqu Uef 
Horo MOpA HeOHHAKOBO HM 3aBHCHT B OCHOBHOM OT QopMbl MepeHoca u 
PeUHBIMH BOaMA, T. e. O 
COOTHOIMCHUA B3BeLIeHHO 
b<0.onx 7 MH pacTBOpeHHOH acter 
(ZZZAo,0010-0,0018 44 Of ixapaKTepar PasMens 
HILT» 0. oon HUA 9JIEMeHTOB B TpaHy 
. (EA) 20 0 20 40 6Oum JIOMeTPHYeCKOM CII€KTP 
Y | PA PeCUHBIX B3Becell. 

we, 2. IIpu tTpaucnopty 
POBKe raBHbIM O6pa3o 
B BMe B3BeCeH C OHC 
BPeCMeHHBIM TOABJIeHHe! 


38 40 


Y 
7 


LL. D 
LY, ( ix. pacTBOpoB B KayecTBe AC 
ey TIOJIHMTebHOH, HO MOLE 
(Rem Mika: HeHHOH cOpMbI MepeHoc 


MaKCUMaJIbHble + COepxKe 
HHA 9QJIEMeHTOB B HaTy 
PaJIbHOM ocalKe JIOKaJ¥ 
3yl0oTCA B MpHOpexHO 
30HE. 

3. Ilpu cmMenjeHuu KOHUeHTpallHi SJIeMeHTOB B TOHKOMeIMTOBY!O (pakiHl 
B3BeceH H Mp pe3KOM BO3paCcTaHHH pos pacTBOpOB Kak (@OpMbI MepeHoc 
NpOHCXOAMT CBU 'KOHILeHTpalWit 9JIeEMeHTOB K Mewarvasu, B pe3ysbTaTe 4er 
npHOpexkHble MAKCHMYMbI Ha KapTax Mc¥e3aloT H 3aMellaioTcCaA BHauase CaObIMe 
a TNIOTOM BCe CHJIbHee BbIPayKeHHbIMH TesarHyeCKHMH MaKCHMYyMaMH, 4e 
OosbIle POJIb PaCTBOPpOB B MepeHoce 3seMeHTOB, TeM pe34e BbIPaKeHbI Melé 
ruyeckHe MaKCHMyMbI MH npHOpexHble MHHMMYMBI. 

4. B pacnpeyenenuu 3eMeHTOB Ha MOWlaM Ha HepelKo Oobllyio pol 
UrpatoT OTMleJIbHbIe yYacTKH NoOepexbaA (BepHee BOMocOopa), yCHJeHHO NHTaK 
ule BOMOeM JaHHbIM 3JIeEMeHTOM. 

Heo6xoumo moxuepKHYTb, YTO Tp MepBble 3aKOHOMepHOCTH, BbIABJICHHBI 
NYT€M aHaJIM3a KapT MOWAaqHOrO pa3SMeIeCHHA, MOJIHOCTbIO OTBeYaIOT TOMY 
uTO ObIO MouyyeHoO paHee (3,4) myTem paccMOTpeHHA WeabHbIX JMTOOrHUE 
CKUX IIpopumeH vepes pasuble THB! TyMMAHEIX dopmaunn. Tocnequaa *K 
3AKOHOMCPHOCTbh ABIAeCTCA MPMHIMMHaIbHO HOBO, TaK KaK BbIABHTb ee MyTEel 
aHaJIM3a KPHBbIX paciipeleeHuA B MeTporpadwyeckoM PAY HEeJIb3H, a MOMKH 
JIMUIb MYTCM aHaJIH3a KapT TvIOMlLalHoro pa3MelleHHA 3JIeMeHTOB. 

B 3aKjio¥eHne CulelyeT CKa3aTb, YTO OCHOBHbIe 3aKOHOMepHOCTH pacmpe 
AevleHHA PaCCCAHHBIX COJepKaHHi JJIEMeHTOB B OTMOXKCHHAX TYMMAHBIX 30H 
ycTaHoBjienHpie H. M. Crpaxospim Ha peBHuXx moposax (3,4), MOmHOCTHIO MOD 
TBepAHJIHCb HM Ha COBPpeMeHHbIX OCayKax Ha mpuMepe UepHoro mops. 

Teonornuyeckuii HHCTUTYT Tloctynsto 


Axkajlemuu HayK CCCP 25 VI 1960 
IMTHPOBAHHAGA JIATEPATYPA 


1M. A. Paaroaesa, JAH, 121, Ne 6 (1958). *M. A. Taaroaesa, Cope 
K nosHaHHi0 AMarene3a ocagKos, M3q. AH €CER71959") Yeo MaG 7 plarxio By Oe Crore 
Di Son ie M. A. Taaronaesa, Teoxumus, Ne 6 (1956). 4H. M. Ctpaxort 
ar mee aimMaHsou, M.'A’ [Taaronmes a,’ Tpr leon umcrs) Biged ella 
ed Ctpaxos, Hsp. AH CCCP, cep. reon., Ne 2 (1948). ®H. M. Crpaxort 
ye been ie ie Kav HW Ap., O6pa30BaHHe ocaqKOB B COBpeMeHHEIX Bogoemax, Maz 
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Puc. 4. PacnpegenenHe koOaibTa B COBpeMeHHBIX OCay\KaXx 
UYepnoro mopa 


Joxrnzayn Arkagemuu nayrx CCCP 
1961. Tom 136, N14 


TPEOXHMHA 


B. B. JOBPOBOJIbCKHH 


THIIOMOP®HbBIE MPOABJIEHHS CTPOHLMNA 
B YETBEPTHUHbBIX OTJIOKEHHAX APHIHOM 30HbI 


(ITpedcmaenreno axademuxom H. M. Cmpaxoeoim I VII 1960) 


_ Kak yetanosuieno H. M. Crpaxosnim (1), ocaxleHve ocHOBHOM MaccbI CTpOH- 
IMA MpWypoveno K OTMOXKeHHIO JOJOMUTOBLIX NOpOs B xofe rasoreHHOroO ocas- 
‘KOHAKOMNJIeHHA. OTHM OMpefenneTcA oOcTaHOBKa J\MareHeTHYeCcKOH MUrpallun 
‘cTponuna. H3pectublii uHTepec npefctaBlaeT M3yyeHNe MOBeeHUA STOFO 9Jue- 
‘MeHTa B YyCJIOBHAX CyOa9pabHOrO MpeoOpas0BaHHA KOHTHHEHTAJIbHBIX OTJIO- 


i] SJIEMeHTa B YCTBEPTHYHBIX OTJIOMKCHHAX, BaxKHOe 3HAYeHHe KOTOPHIX JA reo- 
jj XMMMYeCKHX MeTOJOB MOHCKOB pyJIHbIX MeCTOPORKTeHHH YCTAaHOBJIeHO B M0- 
ly CileqHee Bpema (°). 
i Ilo qanupm A. I. Bunorpagopa (4), cTpoHuuii He XapakTepeH JIA “eTBep- 
THYHBIX OTOKEHMH TyMUAHOH 30HbI. IlosTomy ObLIO MpousBeqeHO CpaBHHTeJb- 
‘Hoe MMHepasoro-neTporpaduyeckoe H CieKTpocKomMyecKoe U3yyeHHe HaHOosee 
IWMpoKkO pacnpocTpaHeHHoro reHeTMYeCKOrO THIa YeTBeEPTHYHIX OTIOVKeHUi 
ApHHOM 30HbI — MOKPOBHBIX JIeCCOBUHbIX OTOKeHHH. ANaIM3HpOBaHCb Ba- 
NOBaA Macca OOpa3siloB, pa3s/IM4HbIe UX TpaHysoMeTpHyuecKNe *pakUMU UM CyxXoH 
“OCTATOK BOMHbIX BbITH3KeK, a TaKKE THNMYHbIE AIA STON SOHbI ruMmepreHuble 
} HOBOOOpas0BaHHA (peHMylecTBeHHO KapOoHaTHble HU Cysbdatuble). M3yyennio 
ObII0 MosBeprHyTo Gosmee 500 mpod. 
CrekTpaIbHble aHaM3bI BbINOMHEHEI Mo pyKoBoscTBom A. K. Pycanosa 

-B Jladopatopuu Beecow3Horo MHCTHTyTa MMHepasbHOrO CbIpbA. OZMHAaKOBbIe 
“YCJIOBMA BbIMOMHEHHA aHaIH30B MO3BOJIAIOT IPpOBeCTH CpaBHUTebHOe M3yue- 
-HHe€ HeEKOTOPBIX MAJIBIX 3JIEMCHTOB B YeTBEPTHYHbIX OTJIOMKCHHAX Pa3JIMYHBIX 
_palionos (°). Cpequwe BeHUNHbI COepxKaHHA CTPOHIMA, ONpeeseHHble Kak 
cpeyHve apHdbmMeTHyuecKHe M3 MHOFHX aHaJIM30B, NOKa3bIBaloT, 4TO COsepKanHe 
CTpOHWMA Bo3pacraeT c ceBepa Ha ror oT 1-0,01% go n-0,1%. Cronb xe or- 
| YeTIMBO B STOM HalpaBseHHM MeHAeTCA BeMMYMHAa OTHOMeHUA Sr/Ba: 


| j Pation Uncio aHasu30B Sr/Ba 
2 IleuTpanbuaa uactb Pycckoli paBHuuet (*) <1 
Cesepuniit Kagaxctau 200 <1 
}Oxupiii Ka3zaxctan 100 a1 

¢ Ycriopt 100 >10 


Benwauna oTHomenua Sr/Ba B nuTocpepe O1u3Ka K efnHUNe (*,°). [Ipuse- 
JeHHbIC JaHHbIe CBULeETebCTBYIOT O TOM, YTO B Mpefeax apHAHOH 30HbI C Ce- 
‘Bepa Ha 10r C yCHJIeHHeM apHHOCTH yCJIOBMii BeJIMUMHa OTHOMeHHA Sr/Ba Bo3- 
‘pactaet. BeamuvHa 9TOrO OTHOMICHHA, MCHbUIaA CLMHUIbI B YeTBEPTHUHBIX OT- 
MOYKEHUAX TYMMAHOM 30HbI, OObACHACTCA BbIHOCOM 4aCTH CTPOHILMA MPM OT- 
OCHTeIbHOM HaKorsieHuu Gomee ycToiuNBoro OapHs. 

/ Visyyenne pacnpeseienua CTpoHuMA M OapHA B OCHOBHbIX COCTABHBIX 4a- 
| YeTBEPTHUHBIX OTMOXKeHH NOKAa3aJIO, YTO HX KOHICHTpalHA B pas /MIHbIX 
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rpanyJIOMeTpHuecKUX pakWuAx OOHAPy2XKUBaeT HEKOTOPble KoeOaHHA B 3a- 


BMCHMOCTH OT COJlep2#KaHHA STHX JJICMEHTOB B KOPCHHBIX NWOpoOsax. Oyuako, 
HeECMOTPA Ha YKaSaHHble Koule6aHua, IpOABJIAeTCA TeHACHUHA K YBeJIMYeHUIO: 


KOHIeHTpalluH Oapva B TICaMMMTO-aJleBpUTOBOK Macce. B cyxoM ocTaTKe BO]- 
HBIX BBITSOKEK KOHIUeCHTpalud OapHaA Ha MaTeMaTHYeCKMH NMOpAMOK yMeHbIlaeTcs, 
a KOHIeHTpalua cTpoHuua B 1,5—2 pasa yBejIHYHBaeTCA MO CpaBHeHM10 
C KOHIeHTpallveli STHX 9JIEMeHTOB B YETBEPTHYHBIX OTOKeHUAX. ITO OOcTOH- 
TEJIbCTBO MO3BOJIHET MpeAMOMOKUTb, YTO AKKYMYJIAIMA CTPpOHIHA B KOHTH- 
HEHTAJIbHBIX OTJIOMKCHHYAX APHAHOH 3OHbI OCYMIECTBIAeTCH 3a C4ueT ero TIPH- 
BHOCa C MOBEPXHOCTHbIMH, TPyHTOBbIMH H, BO3MO2KHO, aTMOCHepHbIMA BOLaMH. 
CnehyeT OTMeTHTb, 4TO OOoralljeHHe YeTBEPTHYHBIX OTJOKeHHH CTPOHIMeM 
B pe3KO apHHBIX YCJIOBUAX SHAUMTEbHO IIpeBblllaeT cofepxKaHHe STOO 9duIe- 
MeHTa B KOpeHHBIX Moposax. Hanpumep, coflepxaHve CTpOHIMA B CapMaTCKOH 
Tome, OOpasyrolnleH WOKONb TaTO YCTIOPT, COCTaBAHeT B CpeHEM OKOJIO 
0,1%, B TO BpeMH KaK B MOKPOBHBIX YCTBEPTHYHEIX OTJOKeHUAX COsepmRaHHe 
CTpOHUMA Oombie B 4—6 pas. 

IIpomecc cBxA3bIBaHNA CTPOHIMA B YeETBEPTHUHBIX OTJOXKCHUAX HE BbIACHEH; 


OJHAKO oOparaet Ha’ceOA BHHMAaHVe TMOBBIIIeHHOe cofepmKaHve CTPOHIMA KH 


MOHWKeHHOe OapuaA B FHMepreHHbIX HOBOOOPasOBaHHAX, THMMYHEIX MIA apvy- 
HOM  30HbI,— KapOoHaTHbIX HM cCybdaTHElx. HoBooOpasoBaHuA B YeTBepTHY- 
HbIX OTJIOKCHHAX TpeCTaBIAIOT COOOH MMHepaJIbHble (OpMbI, yCTOHUMBBHIE 
WIA OMpeweeHHEIX JlaHfWapTHEIx ycnoBpuu. Tlostomy BnowHe ecTecTBeHHO, 
yTO OTHOIeHHe Sr/Ba, CpaBHHTeJbHO cla60 MeHsAIoOMeecA B BaJIOBOH Mmacce 
YeETBEPTHUYHLIX OTJOMKEHHU, HMeeT 3HAYHTEIbHO OOVJIbITyIO BeJIMYMHY B HOBO- 
oOpas0BaHHaAx: 


Patiou Kap6ouatTuule Tumncoppie HOBO- 
HOBOOOpa30- oOpa3s0BaHHa 
BaHHA 

Cepepupl Kasaxctan (41 o6pase) 3 D 
iOmubih Kasgaxctan (32 o6pasiza) 7 25 
Mpax u Capua (16 o6pa3nos) 15 50 
KapakyMbl (5 o6pasios) — 40 
Yetiopt (12 o6pasnos) — 54 


M3 TpHBeseHHbIX JaHHbIX BHJHa MpMypOueHHOCTbh CTpOHWMA K THncy. Ota 
3AKOHOMEPHOCTb UCKJIIOUNTEIbHO XOPOWO IpOABAAeTCA B MOUBAX CHJIbHO apHy- 
HbIX paHonos. B nouBax YcTiopTa cojlepxKaHve CTPOHIUMA B TOPH30HTe HaKOTII- 
JieHHA runca B 6—7 pa3 IpeBbiiiaeT ero cofepxKaHve B Apyrux ropHv3oHTax. 
HakonuieHve CTpOHIMA B THICOBOM TOpH30HTe 9THX MOUB CTOJb Ke XApaKTepHoO, 
KaK HaKOMMJIeHWe yKesle3a B HJIJIOBHaJIbHOM TOPH30OHTe MOJ3OJIMCTHIX MOUB. 
IIpuypouenHocTb CTpoHUMsA K THNcy, MO-BHAMMOMy, OObACHAeTCH M3BeCTHBIM 
(PakTOM NOHHWKeCHHA PaCTBOPMMOCTH CysJIbdPaTa CTPOHIUMA B IpWcyTCTBHN CepHo- 
KUCJIBIX cOleH Kabiua (*). 

H3yyeHve MHHepasIbHOTO COCTaBa UETBEPTHYHBIX OTOMKeHUH MU UX pasHU- 
HbIX (pakUM B MMMepCHOHHBIX Wpenapatax, a TakxKe WIIMOB runepreHHElx 
HOBOOOpas0BaHH MOKa3ajl0, YTO, KaK MpaBHO, CAMOCTOATebHbIe MMHEepaJbl 
CTpOHWMA OTCyTCTBy1oT. HecmoTpx Ha MOBbIIeHHOe COfepxKaHHe CTpOHUHA 
B HOBOOOpas0BaHHAX, STOT SJIEMCHT JO OMpesemeHHOTO YpOBHA KOHIeHTpalHu 
HaXOMMTCA B COCTOAHHH H30MOpHOK mpuMmecu. ToJIbKO B YeTBEPTHUHbIX OTVIO- 
*KCHUAX, PaCIOJORKEHHbIX B YCJIOBMAX Pe3KOH APHAHOCTH, ObIIH OOHApPYyKeHbI 
HOBOOOpasOBaHMA WesecTHHa. OH MpHypoueH K LOPH30HTaM 3HaynTebHOrO 
HaKOMJICHHMA MOUBCHHO-ruMepreHHoro rulca: TuMmcCOBbIM KopamM BuwxuHero Bo- 
CTOKa, PeJIMKTOBbIM IIJIMOMe€HOBLIM TouBamM YcTiopTa H HeOreHOBbIX OCTAHILOB 
Cpemneh Asun. 

H. M. Crpaxop (?) BbijemseT WelecTHH Kak OLMH M3 MHAMKATOpOB 3acyul- 
JIMBBIX 30H. CyleyeT OTMETHTb, 4TO WeeCTHH B UeTBEPTHUHBIX OTIOKEHUAX 
APHAHON 30HbI OOaaeT HEKOTOPLIMU THMOMOPCHLIMU OCOOeCHHOCTAMH, OTIMUAaIO- 
WIMMM ero OT WeyleCTHHa, WIMpOKO pacipocTpaHeHHoro B OCaOUHbIX OTOKe- 
HMAX Me30-KaHHosod Cpegueh Asuu (*). I[BeT oncbiBaemMoro emeCTHHAa CBeTJIO- 
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Oypbii, raOuTyc KpHcTan0B TOHKONpH3maTHyecKkHH (0 oc X), BeM4YMHAa KpH- 
CTaJIJIOB He pesBbiiaeT 4 MM. 

Kpuctaibl OOpasoBaHbl MpeHMyilecTBeHHO rpanamu dopmbl {011}. Popma 
{001} Betpeuaetca peyKo B Buse Y3KUX, rnaqKux rpaneli. PonoBKa KpucTaJ- 
_JIOB OOpPasoBaHa 3aKPyTJIeHHbIMM HEPOBHEIMU rpaHamu {hkl}. OueHb pelKo OT- 
MeualoTCA MaJIeHbKve MaToBble rpaHH {100}. KpuctTanabl wnorga cpactaroTca 


rpanamu (011) wor (011), o6pasya nuacruHuatbie arperaTEl. BeTpeyaiotca pa- 
AMabHO-JyuvcTble arperaTbl. Peqko HaOsmoaioTcAd MHKPOKOHKPeLHA (MameT- 
pom 0,2 mm). Mx wentpasbHad uacTb cloxwKeHa MYTHOM amMOpdHOH Maccol, a 
Tlepudepua — KpHNTOKpHcTaMuecKHM IlesIeCTHHOM. 

TlokasaTesM CBeTONpesOMJIeHHA, OpeseneHHbie +HMMepCHOHHBIM MeTOJOM, 


papunl: Ny, = 1,630+0,003; N, = 1,621+0,003. B xopomio o6pa3s0BaHHbIx 
_KpHcTaax 3aMeTHa Jucnepcua NnoKasaTenel mpesomieHua ropssKa 0,006. 

Ilo, MHKpocKONOM BUAHO, 4TO KpHCTasIbI WesecTHHA UacTO COJepKaT Ooub- 
oe KOJIM4YeECTBO TeJIMTOBOTO BellleCTBa YeTBEPTHYHBIX OTOKeHHN. Kounue- 
\CTBOM STHX UACTHIL olpesesaetcA WHTeHCHBHOCTE! Oyporo oTTeHKa WesecTHHa. 
Kpuctaibl, sIMMIeHHbIe MeHTOBbIX YaCTHL, GeclBeTHEI. 

_ CoctaB ¥ coflepxKaHve 9J1IeMeHTOB-IpuMeceli B HOBOCOpas0BaHHOM MewlecTHHe 
U3 YeTBEPTHUHbIX OTJIOMKEHHH OTMuAeTCA OT JJIEMEHTOB-IIpHMeceH B MWesecTH- 
Hax W3 MOPCKMX ocafOuHbIX oTNOxKeHUH (1°). 

Cpe 93JeMeHTOB-ipuMeceii B M3yY4e€HHOM IeJleCTHHE MOKHO  BBbIJeUTS 
rpymmy xXMMWYeCKHX ZJIEMECHTOB, IIPHCyTCTBHe KOTOPHIX OOycJIOBeHO npeumy- 
MeECTBeEHHO COslepxKaHHeM MeJHTOBbIX 4aCTHIL BMerlaouleH mopofn (Si, Al, 
Fe, Mg, Ca, Na, Ti u Mn). B 6onee um MeHee 3arpA3HEHHBIX Me€JIMTOBbIMH 4a- 
‘CTHIUAMM KpHcTamax nepHosuuecku oTMeuaroTca Ga, Ni, Cr, Zr u V, KoTopnie 
‘He oOHapyxKeHbI B HavOomee uNcTHIX KpHcTaiuax. [locToaHHO — axe B Cco- 
‘BEPIN€HHO YMCTLIX KpHcTamax — oOHapyxuBaoTcA Ba (B KouMUecTBe oT 0,1 
wo 1,0%) u Cu (B KomuuecTBe HeCKOJbKUX COTHIX WONeH Mpouenta). Ilo-Buyn- 
IMOMy, STH 9JIeMeHTEI M uacTHuHO Ca, Mg uw Mn BxofaT B KpHcTasMueCKyt0 pe- 
Merky wWesectuHa. 

Ilockombky KOsMYeCTBeEHHOe cOJlepxKaHHe CTPOHUMA HU pasJIMUHbIe POpMbI 
€rO IPOABJCHHA B YeTBEPTHUHbIX OTJIOXKCHHAX 3AKOHOMEPHO MeHAIOTCA CO 
CTelleHbIO apHAHOCTH, NOMyYeHHble WaHHble CleyeT YYNTHIBATh MpH Maseoreo- 


paduyseckux peKOHCTpyKUMAX MO JMTOMOrMYecKOMy UpHHuny (7). 
f 


Tlocrynuato 
22 VI 1960 


UWAMTHPOBAHHAA JIMNTEPATYPA 


1H. M. Crpaxos, M. 7. Bopyemau-CTtapuhukesuuy, COopx. Bonp. 
MHHepasoruM, reoxumun u nerporpadun, M3. AH CCCP, 1946. * H. M. Crpaxos, 
C6opH. Bonpocbt munepasoruH ocazouHBIx oOpas0BaHHli, KH. 3 Hu 4, JIpBos, 1956. 
7B. HW. KpacuuKkos, Ocnosbl pallHoHabHOli METOXHKH MOHCKOB pyMHbIX MeCTOpOxe- 
aun, M., 1959. 4A. Tl. Bunorpagos, lTeoxumus peqkux H paccexHHbIX XHMHUCCKHX 
SeMeHTOB B mouBax, 2-e uay., Mag. AH CCCP, 1957. °®9. C. 3ammMaun3ou, 
@, B. Jimsyuos, JAH, 86, Ne 6 (1952). © K. Turekian, J. Kulp, Geohim. 
®t cosmochim. acta, 10, Ne 5—6 (1956). *B. HW. Hukomnmaes, C.K. Kaauunun, 
MAH, 20, Ne 6 (1938). 8H. M. Ctpaxos, H3s. AHCCCP, cep. reon., Ne 3 (1960). 
"A. B. Camotisos, COops. B uectb 25-eTHa HayuH. gent. B. MU. Bepnagcxoro, 1914. 
JI. M. Muponoabexknii, C. A. Boposuk, JAH, 34, Ne 4—5 (1942). | 
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Jloxrxage AkawemMun nayr CCCP 
1961. Tom 136, Ne 4 


OKEAHOJIO‘H 
Usaen-koppecnonjzent AH CCCP H. E. CTAPHK u A. TI. DKAPKOB 


~ CKOPOCTb OCA KOHAKONJEHHA B AHAMACKOM OKEAHE 
NO JAHHbIM PAXHOYIFJIEPOAHOTO METOJIA 


Onpekesenue CKOpOcTH HakOMeHHA JOHHDIX OcazKoB B MupulicKom oKeaHe 
OblJIO BepBEIe MmpoBeseHo Bpaynom ('), a 3aTeM ero JaHHbIe Obl yTOUHeHbI 
Wortom (?). Ilo onpeqentenmio UWlotra, cKopoctu oTm0xKeHHA r10OnrepHHOBOrO 
M J[MATOMOBOrO HJIOB COCTABJIAIOT, COOTBeETCTBeEHHO, 0,59 u 0,54 cm 3a 1000 ser. 
B toxnonk uacru Mnguiickoro oKeaHa CKOpOcTb HaKOMJIeHHA OCalKa Oblia ompe- 
fleeHa HeqaBHo MoHHeBbIM MeToyoM V1. E. Crapuxa IO. B. KysHenoppim (?) 
wu B. HW. Bapavossm, JI. A. Ky3pmunoti (*). Jlua cepepHot uactu Mupuitcxoro 
okeaHa OnpefesIeHHi CKOPOCTH HaKOMJICHHA OCaLKOB JO HaCTOAIero BpeMeHH 
TipopeyeHo He Opiio. A. Il. Jlucunprn (Mucturyt oxeanonorun AH CCCP) 
TIpeOCTaBHJI HAM MOHOJIMTbI JOHHBIX OCaKoB (oT 10 yo 20 cm no BpICcoTe), moz- 
HATHIX BO BPpeMA BTOPOrO aHTapKTHYeCKOrO pelica WH3eNb3aeKTpoxona «OG6b». 


CrTaHuHu, Te NOAHATHI MpOOLl, pacmoJIO*KeHbl MO MepHAHOHAJIbHOMY pa3pesy 


oT ycTba [aura qo AnTapKTHbI, a TpH “3 HAX — HeaJIeKO OT 1Ox*KHOFO T06e- 
pexpa Adpuku. Bce npoObt NoLHATHI WHOUepmaTesiem «OKeaH-50» (°). Ompere- 
JleHHe BO3pacTa MpOBOAHOCh MO CILMHTHJIIAWHOHHOM MeTOANKe, O KOTOpoOH 
cooéulaiocb aBTOopamMu pauHee (°). 

IIpumeHenue payvoyrepoxHoro MeTosla K OlpeesIeHvIO CKOPOCTH OTJIOxKe- 
HHA JOHHBIX OCaKOB CBA3aHO C MpemouoxwKeHHeM O Tom, 4TO: 1) OTCyTCTBYyeT 
OOMeH OCaxKJeHHOrO KapOoHaTa C PaCTBOPeCHHbIMH B IIPHPOMHIX BOAax KapOoua- 
TOM 4 OMKapOoHaToM; 2) ocayloK mocule OcaxKJeHHA He MokBepraicA mepeocaxk- 
JeHMIO (ONOI3HH, TypOMAHBIe NOTOKH HT. 2.). B nocmeqHem c1yuae He BCTpeya- 
€TCA OCOObIX 3aTPYAIHEHHM, TAK Kak B OOJIbINIMHCTBe CJIyuaeB CMeMMaJIMCThI OT- 
JIM¥aIOT KOJIOHKH C HeHAapyileHHOH cTpaTurpaduelt, wHOra we STOMY TIOMO- 


q TaeT CaMO ONIpefesIeHHe BO3pPaCcTa Pa3JIMYHbIX TOPH30HTOB KOJIOHOK. Bompocst 


3 


Fi) 


| nie TOPH30HTaM, TIpeACTaBJIAeT CPeHIOIO CKOPOCTb JIA BCeroO MOHOVJIMTA. 


OOMeHa B HACTOSIIee BPeMA BbIACHEHBI elle HeELOcTaTOYHO xopomo, O HaIM4unH 
HJM OTCYTCTBHH OOMeHA MOXKHO CYAUTb MO COOTHOMeHKIO M3OTONOB KuCMOposa 
(O'8/O1*) B ocaxkeHHOM KapOonare (7) WIM 10 M3MepeHHIO AKTHBHOCTH TOHKOM 
u kKpynHolt (bpaxumn ocagka (°). O6prmHO Ooee TOHKAA (PpakUMA MOKAasbIBaeT 
G6onee APpeBHU BO3PaCT, XOTA HHOra HaGwOMaeTcA HM OOpaTHoe sABseHHe (%). 
OjHako cpaBHeHve aKTHBHOCTeli TOHKOH M KpynHOH dpakuM mOKa3plBaeT 


_ TOJIbKO OTHOCHTCJIBHOE Pa3JIHYHE B oOmeHe. Bmecte C TeM B KOJIOHKax HaGJIt0- 


| AaioTcA TOPUSOHTHI C BECbMa A,PpeBHHM BO3paCTOM, YTO CBUMeTCbCTBYeT, TO-BH- 
_ JMMOMY, 0 TOM, 4TO'OOMeH MexKLy OCALKOM M MpHAOHHOM BOOM B payee c1yyaeB 
HesHayuTesen. JL ropH3OHTOB, BO3paCT KOTOPBIX HE MIpeBbILIaeT 10 000 ner, 
| ABJIGHHe OOMeHA He MOXKET B CHJIBHOH CTeMeHH HCKA3HTb Pe3YJIbTATbI, TAK Kak 
| pasHUla B aKTHBHOCTH TOHKOM u rpyOol d@pakuuli HeBetuKa (*). Tem He MeHee 
93TO ABMeHHe HEOOXOAUMO, 10-BHAMMOMY, HMeTb B BUY, M BOMpoc STOT TpeOyeT 


 WasibHeliero UcceqoOBaHHa. 


B Ta61. 1 npeqcTapseHbl pesysIbTaTbl OMpeeseHHA BO3paCTOB BepXHUX U 
WKHUX TOPH30HTOB yMOMAHYTHIX BBIIe MOHOJIMTOB. BospacTbt BbIMHCJIeHbI 


“Tak Ke, Kak HM B pa6oTe Opukcona u Jp. (1°), 10 OTHOMIeHMIO K COBpeMeHHOH 


A peBecHHe. IIpu BbIUHCJICHHHM CKOPOCTH OTJIOMCHHA OCaKOB BOSPdaCT OTHOCHJICA 
K cepesMHe TOPH3OHTAa. CxKopocTb Oca KOHAKOIVICHHA, BbIYHCJICHHaAH TO HYK- 
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TLaonnma 4 


Bospact H CKOPOCTb OTJIO#KCHHA JOHHBIX OCaJKOB B Muguiickom OKeaHe I1I0 JAHHbIM 
paquoyriepofHoro MeTOa 


ef 
& KoopauHatbl Pe OnucaHHe ocaaka BOP OHS, ese 2 
ce 
325 eS AiO, Cpu, 2885 | Teppurennpli wa 0—9 3090+470. 
°08,4’ B.O. 9—18 4740 +160; 
393 ore GS, al 3400 | Cna6okap6onaTHEIH Tep- 0—8 3600+170 
88°08,5' B. a PHreHHEIM Wd 8—14 5640+180 
BIN KOU ey We sii. 3660 | To xe O0—5 36204120 
istenObiy ae Seu 7—12 5110+130 
B20 04: ONF cm 4066 | Wopamunudeposnl ua 14—18 9060 +450 
88°20,6’ B. a. 
318} 00°01,8’ c. m. 4425 » » 0=7 5940 +150 
OOEAt sO MmBenl: 7—14 7750+410 
SIO) U4saie 2) Toei. 4470 | Kpacnan ray6oxopoguan | O—3 102304570 
O7T°05: Ce, Ere, rauua 10—15 | 190401430 
293) 46°28,1’ 1o.u. | 3100 | ®opamunudeposnl un 0—5,3 | 2900+200 
CHEAOVAROY isin site 5,0—12 3380 +210 
PASAY Ba O By sy 90h, iit, 102 | He oxepaktepusoBaH 0—8 7740.4.170 
20° al Jr Bee 8—16 7590+190 
SON Or 1840" to. 1, 1350 J.€B PHTOEO-r IMHUCTHIE O—7,8 | 5280+230 
19°42 ,3' B. 7. WM3BeCTKOBHCTHIM HW 7,8—14 58504220 
BOOM Polite aerOnsIue 4700 | AdJeBPpHTOBO-rIMHUCTHIL 0—7,9 | 102304570 
193350") Bap. ricOurepHHoBbli ut = =|7,9—15 | 34500 +2000 
* OnpegeenHe MPOHSBoAumOch Ha MaTepHase, HE Pa3sfeNeHHOM Ha (QpakuHH NO rTrpaHymomeTpHu4e- 


CKOMY COCTdBY. 


M3 TaGJIMIbl BHAHO, YTO Ha CTAHILHAX, PacMOJIOXKeHHLIX MO MepHIMOHAJIb- 


Cxkopoctp: 
ocak ye- 
HHA, CM 3a 
1000 eT 


OWIOrF OU 


+ 


EEONFNE 


Pek tise) ieee) el ge) e 


an 


COFrFOrRONCOOFRSO 
WROUARPURONERD © 


Sr ics Ree ee) hse see) eae a 


HOMY paspe3y, CpeqHAA CKOpOCcTb OCaKOHaKONJeHHA B 2—3 pasa BBILWe CKO- 
pocTH ocaqkoHakomieHus BRBepxHux ropu3onTax. Ilo-BuyquMOoMy, CKOpOCTb 
OCaKOHAaKOIJICHHA B TOPH30OHTAX, COOTBETCTBYIOULUX JIEMHHKOBOMY mepHojly, 
OTIM4aeTCHA elle GONIbIIe, H B 9TOM pali- 
one VMugulickoro oKeaHa HW3MeHeHHe 
CKOpPOCTH B JIEQHMKOBLI Mepvog, OplJ0. 
Ooulee 3HAUMTeJIbHBIM, 4¥eM B ATUJIAHTH- 
yeckom oKeaue (1'). K coxaJleHHio, BbI- 
coTa mpeoOcTaBJIeHHbIX HAM MOHOJIMTOB. 
OKa3alacb HeOCTaTOUHOH VIA Toro, 
YTOObI UCCELOBaTh Goee ApeBHHe Fo- | 


em/1000Nem 


0 
B25) SZSSZZGZOING IS 310 
NN CManyltl 


Puc. 1. SaBHcHMOCTb CKOpOocTH oCcaxKJeHHA 
OT yaleHHOcTH Oepera: /— B HHKHHX [oO- 
pHsoHTax, 2 — B BepXHHX ‘ropH30HTaXx 


HaKOBO. 


PH30HTBI. 


Oco60 cielyeT OTMeETHTb CTaHUH 
NeoNe 501 u 262. Heppaa pacnouoxena 
Ha MaTepHKOBOM CKJIOHe; BTOpaA— xa- 
pakTepus3yertca HeCoubIOli ray6uHou 
(102m). OTHocuTebHoe pasIM4uHe B BO3pacTe BepXHHX HM HH2KHHX TOPH3OHTOB 
ctaniuu Ne 501 mano; quia cranyun Ne 262 pasmmune B BO3pacTe BepXxXHero U 
HWKHETO TOPH3OHTOB HaXOAUTCA B Mpeselwax OWIHOOK ONbITOB. OTO FOBOpHT oO. 
TOM, ¥TO OCAKM B 9TOM MECTe TepeMellaHbI NO rOpH30HTaM OularosapsA LeHCTBHIO- 
Pa3JIMUHbIX Mpoweccow (onowsaHHe, TYPOMAHbIe MOTOKM Hi T. Aj. Ja) Taki 
ocaqKOB MeToy| C!* B onpelesIeHuM CKOpOCcTeii OCaKOHaKOMJICHHA HeENpHMeHUM. 

MutepechoO OTMeTHTb pesyJbTaTH! Jia ctanyuu Ne 500. 3yecb cKOpocts. 
ocaxKeHHA BepXHHX HM HWKHHX TOPH3OHTOB OAHHAKOBA. CylelOBaTeJIbHO, KJH- 
MaTHYeCKHe (PakTOPbl Ha OOPas0BaHHe OCAKOB BO3ACHCTBYIOT He BCIOLy OLU- 


Hakone, mpeqcTaBuiseT MHTepeC OTMETHTh MOHWKEHHE CKOPOCTH OCayKoOHa- 
KOIVJICHHA C yasieHvem oT ycTbxaA [aura uw OT noGepexbA. STO BUZHO H3 puce. |, 
Ha KOTOPOM WIA CpaBHeHHs mpHBeleHa cTranuHa Ne 310, focraTouHO yyaneH- 
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Had OT Oeperos, AIA Toro 4TOObI B POPpMHPOBAHHH OCalKa CKasbIBaIMCh TaKue 
akTOpbl, Kak BbIHOC B3BeLICHHbIX H PaCTBOPeCHHBIX BeLLeCTB PeCYHbIM CTOKOM, 
a0pa3sua OeperoB HM 3O0JIOBbIi BBIHOC. 

IloppimeHHy!0 CKOpocTD ocaxKJeHHA B HWKHUX TOopH30HTax B Bewra/ibcKom 
3aJIMBe MOXKHO OObACHUTH Oovlee CHJIbHbIM JeliCTBHeM TObKO 4TO MepeuncseH- 
HbIX (aKTOPOB BO BPeMA OJIEMCHEHHA, KOTOPOMY B STO MECTHOCTH COOTBETCTBO- 
BaJl WNOBHAJIbHBI MepHol. KonegHo, 3TO He EMMHCTBeEHHAaA IpM4MHa, TaK Kak 
B MepHOAbl OIeCHeCHHA, HECOMHEHHO, MPOWCXOAHJIO M3MeHeHHe (bu3HKO-xXUMH- 


YeCKHX CBOHCTB OK€aHHYeCKHX BOL, KOTOPBIC OMNPeHeJIALOT MpOmecchl o6pa30Ba- 


HUA OCAaLKOB. 
Takum 00pasoM, MOJyYeHHbIe pe3yJbTAaTbI MOSBOJMIH OMpeeUTb CKOPOCTS 


CeMMeHTALMM 10 HW2KHMM M BepXHuM Topu30HTam B Mnguiickom oKeane. Yza- 
JlOCb YCTAHOBUTb Pa3JIM4HA B CKOPOCTAX OCAKKOHAKOMJICHHA B HMYKHUX WH BepXx- 


HUX TopW30HTax. HaOmtofaetca 3aBHCHMOCTb BJIMAHHA OM30cTH OeperoB U 
yetba’ Tawra Ha CKopocTb HakonueHuaA ocagKoB. K cTaHIMvaAM, MOMOOHEIM 


 .NeNe 262 1 501, B KoToppix mpoucxo_u0 nepemMeMIMBaHHe OCaLKOB, palMoyrue- 


PpOWHbI MeTOA HelpymMeHuM. ‘ 
B 3aksi0ueHHe aBTOPbI CUMTAIOT IPHATHBIM JOJIFOM BbIPasuTb GarosapHOCTb 


A. II. Jincuupimy 3a mpeqocrapienve oOpasioB u 3a OOcy2xKeHHe NOYyYeHHBIX 


pe3yJIbTaTOB. 


Tlocrynuio 
4 X 1960 


HWMTHUPOBAHHAA JIATEPATYPA 
iii ini Was verdrip, M. We Johmson, R. Ho F Wememnoge The 


P Oceans, IN; Y., 1942, p. 1038. 2 Schott Recent marine sediments, 1939, p. 396. 


iweb Grapuks 10, B. KysHenos, C. M. IT pamenko, MIC) Open x- 
nux, Teoxumus, Ne 1, 3 (1958). *B. HW. Bapaunos, Jl. A. Ky3pmMuua, Teoxn- 
mus, No 2, 99 (1958). 5 Tp. KommmeKcH. aHTapKTHYecKoH oxkcnequuuH AH CCCP, JL., 
4958. ®HW.E.Ctrapukx, X. A. Apcenanos,A. I]. Kapxkos, Paquoxumua, Ne 2, 
Poo G Arrenius, G Kjellberg, W. Libby emellus, 3 sNody 222 
MoS2)eeriis —. Siti ess, Science, 123, 355 (1956). ®° W.5: Broecker; JOEL. Kulp, 
erences eoise4(1957)) 1° D. B. Ericson, W. S. Broecker, ek. Kul p, 
Gom\Veonmirtn) Science, 124, 385 (1956), “= W) Si Broecker, 9K Ke lane 
Praia. tee zen, Am. J. Sci., 256, 503 (1958); 


Jloxxann Akangemun nwayx CCCP 
1961. Tom 136, Ne 1 


ITA EOHTOJIO‘H A 


H. fA. KAW uC. B. KAL 


CEMEHA EURYALE H3 MJIMOWEHA HW)KHEM KAMBI 
(I]pedcmaeaeno akademuxom B. H. Cykaueseim 6 VII 1960) 


B 1957 r. aptopst ctaTpu mocerusu copmectHo c B. MW. Bapanospim (Ka3aH- 
CKHH YHMBepCHTeT) H3BeCTHOe eMy paHee OOHaxKeHHe OBpara, BMaaloulero B 
p. Mk y ce. Hosp Menekenb Menseaunckoro pationa TACCP. M. I. Kunus- 
Hu wu B.W. Bapanospim 
C COTp. 3flecb paHBue 
ObIIH HalfleHbl BMecTe 
Cc .pyruMu cemMeHaMH 4 
ceMeHa 9BPHaJIbI, OlI- 
peflemeHHpie Kak Eu- 
ryale ferox Salisb. (?), 
IIpHueM HH OMHMCaHHsA, 
HH PHCYHKOB He OBO 
nano. JlepaTb BHOwHe 
Pa3BHTbIX CeMAH, CO- 
OpaHHbie aBTopaMH, 
OoJIbILeEIO YACTbIO XOPO- 
wel COXpaHHOCTH, OKa- 


Puc. 1. Cemena Euryale. 
1 — 6 — Euryale europaea 
(Weber) C. and E. M. Reid 
u3 Hosoro MeseKena 
TACCP: /, 2— o6mnit Bud 
(4 x), 3 — nomepeunbilt 
pa3pe3 KOKYypbl, CXemaTH- 
3HupoBaHo (200 x),4 — Ha- 
PY2XKHBIH COH KORKypbl — 
Tavcamuple KleTKH (380 
<), & — KleTkKH cpeqHero 
con (300), 6-— BHYTpeH- 
HHH CoH Komypbl (212), 
7 — Euryale europaea We- 
ber — HapyKHbIit CIO KO- 
*Kypbl mo K. A. Beoepy, 
8 — Euryale ferox Salisb., 
fos., Hapy2KHbIii C/OH KO- 
mwypbh no B.H. Cyka- 
yepy (80 x ), 9 — Euryale 
ferox Salisb., recent. — 
Hapy2XHblit COM KOXKYpbI 
no K. A. Be6epy 


3aJIMCb 10 CBOMM NipH3Hakam 6M3KHMH K Euryale europaea C. and E. M. Reid 
(Euryale europaea C. A. Weber). Ilo mnennto Kupxxeiimep ('), mpvoputer B 
Ha3BaHHH JOJDKeH OcTaTbesaA 3a C. and E. M. Reid (%), omy61uKOBaBLUIMMH CBOIO 
CTaTbIO B TOM Ke rosy, uTO H K. A. BeGep, wumIb HECKOJIbKO paHbuie. Cema 
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3TOrO BbIMepiieroO Bua ObIIO OnMcaHO K. A. Be6epom (°) no equHcTBeHHOMy 
9K3eMIIApy, HaiwenHomy B. H. CyKauespim B JIuxsuue. IIpupogum onucanue 
coOpaHHbIxX Hamu cemMsH (puc. 1). 

Cemena Cc ruiaqkKoli, JMINeHHOM OyropKoB KOxKypow, B OVepTAaHHN sAliWeBUL- 
Hble, NpumuOcHyTHle. Kone CemeHu C OKOWIeUKOM (operculum) HecKOJIbKO yce- 
yeH. Otcioa K MpOTHMBONMOJOXKHOMY KOHILY TAHETCA KYWJIb B BAe WMpoKOrO 
BajIMKa C OKPyrileHHOH CNWHKOH. OH HepaBHOMepPHO pa3BHT, LOXOLUT To mpo- 
TMBONOJIOHKHOFO KOHILA CEMeHH, MepexoA HepelKO Ha Apyry!o cTopouy. Oxo- 
WeUKO KPYrJIOe WIM SJVIMNTMYeCKOe BCeMCTBHe WepopmMalun cemeHu. Xusym 
QIMNTHYECKUH, OMOACAH BaJIMKOM BMeCTe C OKOINE€YKOM, paCMOJIOKeHHbIM K 
HeMY BIVIOTHYyIO. HapyskKHaA TKaHb OHOCIOMHAA U3 cma6O BbIpaxKeHHbIX 1a- 
JIMCAafHbIX KJI€TOK, BbICOTa KOTOPbIX B CpeHEM JIMINb HEMHOFO Govlee WIMpPHHEI. 
CTeHKH MX IIpAMble, He BOJIHHCTHIe, C OUCH MEJIKHMH OKPYTJIbIMU WIM UleeBHIL- 
HbIMM Topamu. HapyxHaa CTeHKa HX MOUTH MvIocKas, BCerga 6e3 BbINYyKJIO- 
cTeli. CpeqHAA TKAHb COCTOMT H3 CKJIEPCHXUMHEIX KJICTOK, B paspe3se OKPyrabix 
WJIM Me€Hee IpaBUJIbHbIX, HeEPpaBHOH BeJIMUHHLI, C MaJICeHbKHMH Me@xKKJIETHHKaMH 

MC MHOFOUNCJICHHBIMH OKPYIJIbIMH TOpaMu, Ooee KPpyNHbIMH, 4eM noppl ma- 

 ucayHbIxX KleTOK. BHYTpeHHAA TKaHb — TaK}Ke H3 CKJI€PpeCHXHMHbIX KJICTOK, 
HO pe3KO CYyKeHHbIX B pafHaJIbHOM HallpaBJICHHH HM CHJIbHO BbITAHHYTHIX B 
TAHTeHILMaJIbHOM, TaKxKe C MOPaMH, HO Oowlee MeJIKHMM, YeEM Y KJeTOK CpesHero 

caos. [ipusHaku Hallie 9BpHaJbl COMOCTABJIeHbI C IPH3HaKaMH Apyrux BUAOB 
9BpHa, m0 JaHHbim B. H. Cyxauegza (*), K. A. BeGepa (*) u B. Iatepa (°) 
B Ta6m. J. 


Paouwum a 


Euryale Euryale Euryale eee Euryale 
c Hwxxueli | europaea | ferox Sa- | jich re carpatica 
Kambl Weber, fos.| lisb., fos. eerie Szafer, fos. 
JinuHa ceMeHu, MM 9,5—12,0 Oya) 11,6—12,4) no 12 Bot 
IWupnua cemeHu, MM 6,0—8,5 LTS 10,2—10,3] go 8 LS 
Jivametp okomeuka, MM 1,25—2 ,0 Af) | b5— a6 iyo OF.9 
Bowpwioh BuameTp XHJ1yMa, MM 2,0—2,9 2,6 _ 1,0—2,25 dl sta) 
_ Masri QHamMeTp xuwyMa, MM 1,5—2,0 Ae = 0,8—1,0 0,8 
_ Oruomenve Ooubiioro 2HaMeTpa K Ma- 
JIOMY 4 ,25:1,67 PARI) _ — igi 
TosulHHa KOMRKYPbI CeMeHH, Ww 650 270—320| 710—880 |600—900 640 
_ TommimHa HapyxuHoro cos, pv DO0—70 39—46 — 90—175 
~TommmHa cpeqHero cos, 340—530| 190—195 
Uvcao cmoeB K#eTOK B CpeyHemM cy10e t=11 oie 16 8—16 
TowmjMHa BHYTPeHHErO CJIOA, w 130—200 A5 = 130 
Uncno cmoeB KeTOK BO BHYTPeHHEM ; 
COe KOXKYPbI 13—20 5—7 8—10 7—9 
OTHOUIeHHE TOMMLHHbI Hapy2KHOrO COs 
_ «K cpefHemy + BHYTpeHHHHM con Or O57 0,36 0,24 0,14 
OrHolieHHe TOMUIMHEI Hapy2xKuoro, cpel- "I 
Hero H BHYTpeHHero cyloeB 427827234) 14554, | folwerd es 1:5,6:2,5 


v 


Cuelyer, oHaKko, oTMeTUTb, uTO M. Kupxxelimep (*) Bce cemeHa oBpHaubt, 
ONMCaHHble 13 NMOWeHa Cpesueli Esponbi pasHbiM aBTOpaMU Kak PasHble BUILT, 
a paBpHo u cema u3 JIuxBuna, onucaHHoe K. A. Be6epom, otHocut k Euryale 
europaea C. and E, M. Reid. Hama sspuana u Euryale europaea C. and 

-E. M. Reid (Weber) cxoguel mo cueqytouluM BaxKHbIM NpusHakam: 1) o6ou04- 
‘Ka C€MeHH TiaKas, He warpeHeBas; 2) MamucagqHad dopMa KeTOK Hapy2KHOrO 
‘COA Ca6O BbIpakeHa, TaK*KaK BbICOTa UX B CpefHeM JIMUIb He3HadTeJIbHO 
“TipeppimaeT WHpuHy; 3) HapyxXHad CTeHKa 9THX KJeTOK M0CKas, 6€3 BBINYyK- 
noctel; 4) HapyxXHEI CuO COCTAaBJIAeT CpaBHMTeIbHO HeOOMbIyIO 4aCTb 0O- 

“le TOsMMHEI CeMeHHOH KOXRKYpbl. OTMYNA 3aKJIOVAIOTCA B CJIeAyIOUeM: TOMI- 
“IMHa KOXKYpbl y Hawei SBpMabI BABOe OOJIbINe; KpynHee Pa3sMepbI KJIETOK 
/BCeX CIOCB, a paBHO M TOJIM[MHA MOCJeMHUX; HAKOHEI, YHC/O C/OeB KJIeTOK 
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BHYTpeHHell TKAHM OOONOYKH BEBOe Combe. BO3MOXHO, YTO 9TH OTIMYHA HE 
CTOJIb BAXKHbI, TAK KaK HEKOTOPble H3 HUX 3aBHCAT OT Toro, 4TO Cems” M3 JIMXx- 
BuHa, KOTOpoe onucpiBal K. A. BeOep, Heqopa3sBuToe, Kak 9TO Mpeanouaraer 
B. H. Cyxaues (*). B nomb3y sToro rOBOpHT Malad BeJIM4MHa CeMeHM HM Terpa- 
jallua KseTOK cpefHero CJIOA KOM*Kypbl, Ha 4TO yKasbiBaeT K. A. BeGep (°). 
Cuelyer elle OTMETHTh y3KO3IIUMTHYeCKyIO cbopMy XHJIlyMa y 9BpMamH “3 JIMx- | 
BHHa, TOMa Kak y Hallet SBPHaJbl XWJIYM OTHOCHTebHO UIMpe. | 

Or Euryale ferox Salisb. Hamia sBpHaa OTMM4YaeTCH JOCTATOYHO pe3ko. 
Mp yOequuIMCb B 9TOM MOCJIe CpaBHeHHA ee C PeleHTHbIMH CemeHamu c p. Me- 
cbpt (cCOoppr E. H. Avstucosoi), a TakxKe MocIe O3HAKOMJICEHHA C ONMCAaHHAMH UM 
pucyHkamu B. H. Cyxauesa (*) u K. A. Be6epa (°). B otmmuve oT nocKon Ha- 
PYXHOH CTCHKH HH3KHX KJIeTOK BHeWIHEFO CJIOA KOMKYPbI TATAPCKOM IBPMaJIbI 
Euryale ferox Salisb. wmeeT CHIbHO BbIJaIOULHeCA BbINYKJIMHbI Ha HapyxKHOH 
CTeHKE THMMYHO MaNIHCaHbIxX KJIETOK, K TOMY K€ HHOMLa CHJIbHO- YTOJIMeHHON. | 
Baarolapa 3THM BbIMyKIMHaM OGoM04Ka CeMeHH He TviaKad, Kak y Halen 
9BpHaJIbl, a warpeneBas. Cema Euryale ferox Salisb. He situeBHqHoe, a npH- 
6nwxKaeTCA K WapOBHAHOMYy; CeMeHHad KOxypa Tome (800—700 » mpoTHB| 
650 » y TaTapcKoH SBpHaJIbl); BbICOTa NaIMCaHbIX KeTOK OOJbUIe, H MOCcMer-— 
HHe COCTaBIAIOT Ha nonepeyHom pa3spe3e 0,21—0,35 TomULMHbI OCTaIbHOH 4a-. 
ctu. Hama sppHasma ormmuaetca u oT Euryale carpatica Szafer u3 maMonena| 
Kapnat (Mvs3epHa) riaqKHMM CTeHKaMM TaJIMcaHblxX KJIeTOK KOMKYPbI, Torga 
Kak y KapmaTCKOM 9BpHaJIbl CTeHKM BOJIHHCTHIe, a paBHbIM OOpa3som ¥ oT Eu- 
ryale lissa C. and E. M. Reid, umeromle TOHKy!o KOKypy, Ha OMHYy TpeTb 3a- 
HATYIO MWaHCalHbIMH KJleTKamu (°). 

O3epHbie PVIMHbI, B KOTOPbIX HalileHa 9BpMala, OTHOCATCA K allllepOHCKOMY 
apycy (BepXHHH MIMOWeH), BEpOATHO K CaMbIM ero BepxaM. B MblJIbILeBOM CIIeK- 
Tpe (Ta61. 2) pe3KO JOMHHMPYIOT XBOMHBIe C eJIbIO Ha HepBOM MeCcTe H IIMXTOM 
Ha BTOPOM. 


Ta6auna 2 


Picea Kou. 
Tay6u- | Tsuga ca- | Larix | Abies | sect. | Picea Pinus Pinus Tilia |Grami APEB - 
Ha, M nadensis sp. sp. Omori- | excelsa} silvestris |subg. Hap- | corda-| nege TIbINbILbI 
Carr. faa Link. loxylon |ta Mill Ha 1 cM? 
lipenapata 
12 0 4 _ 24 — 70 3 1 ‘l -—— 1,9 
12,5) — { 28k RES 5 4 = 2 n 2,5 
13,0] 5 = = | SORE Gs: 4 = ae nee Del. 


Bmecte c 9BpHaloH OblIH HaiieHbl OOPHIBKM JMCTbeB ctbarHyMa, OOroHHi 
Xapbl VM MIJIONbI M CeMeHa CIEL YIONLMX pacTeHUu (MCKOMAeMBIN MIMOMeCHOBLIA BU 
BpieeH): Alisma plantago-aquatica L., Sagittaria sagittifolia L., Stra- 
tiotes intermedius (Hartz) Chandl., Cyperus cf. glomeratus L., 
Bolboschoenus maritimus (L.) Palla, Betula sp., Trapa cf. europaea Fler. f. 
Kipiani “ eme Ba Buga Trapa, pocTBeHHbIe COBpeMeHHbIM BOCTOUHO-a3KaT- 
CKHM Bam. 


Iloctymuso 
6 VII 1960 


UHMTHPOBAHHAA JIATEPATYPA 


F ‘Fr. Kirchheimer, Die Laubgewadchse der  Braunkohlenzeit, 1957 
é O. H. Huxonaesa, H. © 3akuposa, Yu.3an. Kasancx. yuus., 117, 2 (1957). 
c C. Reid, E. M. Reid, Verh. Akad. Wetensch. Amsterdam, 11, sect. 13 (1907). 

W. N. Sukatsceff, Ber. Dtsch. bot. Ges., 2la (1908) "= 2SWe"S Zar err ee list. 
Geol. Prace, 11, 1954. ®C. A. Weber, Ber. Dtsch. bot. Ges., 25 (1907). 


Horsaye Axkagemun nayx CCCP 
1961. Tom 136, Ne 4 


I AJIEOHTOJIO-TH A 


C. M. ABJIOKOB-XH30PAH 


CIRCAEIDAE — HOBOE CEMEMCTBO )KECTKOKPDbIJIbIX H3 AHTAPS 
(INSECTA, COLEOPTERA) 


(ITpedcmaéaexo axademuxom H, H. Il maaveaysenom 11 III 1960) 


_ Cpemn o6pasn0B AHTaps, COJep2xKalllHX WHKO3bI 2KeCTKOKPbIVIbIX, HAXOLsA- 
MAxca B KOMNeKWHM [laneonTosoruyueckoro uHcTUTyTa AH CCCP, o6napyxuu- 
tA MpeAcTaBuTeb HOBOTO CemMeliCTBa, ONMCaHHe KOTOpPOrO JaeTCA B STON CTATbe. 


Cem. CIRCAEIDAE fam. n. 


Pom Garcaeus «lablokott-Kbhnz, wen. n: 


TouoBa MJIOTHO MpHMbiKaeT K MepesqHecuHKe. [asa Oobuive, WebHBIe. 
3HCKOB HeT. SaTbIIOK C MPOMOMbHBIM CepeAHHHBIM KUWJIEM, MpokouKalouLuM 
kMJIb TepeqHecnHHKH. JIO6 riaqKui, MOUTH OTBECHBIM, OT HaMYHuKAa OTAeTeH 
@JIbHBIM WIBOM. BepxHaAA ryOa MaieHbKaxv, Xopowo 3ameTHax. YcuKu 1|1-yze- 
HHKOBbIe, IIpHKpeleHbI Ha Kpalo JlOa y BHYTPeHHerO Kpasw rvia3, K BepwiMHe 
TOCTeNeHHO PaclIMpHAIOTCA B Ca60 OOOCOOeHHY!0 5-WIeHHKOBY!IO OyaBy; mep- 
BbIe UeTHIPe WICHHKA YTOH OyaBbl NOMepeyHble, MOCIeAHHH YWICHUK OOJbIOH, 
IPOMOJIbHbIN, Wiupe Mpebiqyuiero, K BepliHHe KOHHYeCKH s3aocTpex. Ilocmen- 
HMM YICHAK YeEIOCTHBIX ULYNHKOB OoJIbuIOK MU TovicTHIt. [lepeqHecnuuKka mone- 
DeuHad, C Il€JIbHbIM MPOMObHbIM KuIeM, Oe3 OoKoBoro KauHTa. IiuToK ABCTBeH. 
AalKpblJIbA OBAJIbHbIC, MJIOTHO MpPHMbIKaIOT K MepeHeCIMHKe, KOTOpas Mpu- 
<pbiBaeT MX OcHOBaHHe. I]neun saKpyrenuble. JMcK HaKpblIM riaqKun, 
‘ObIM, 6e3 CeMa Oopo34OK WIM TOUCUHbIX pAQOB, rycTOTOUeUHbIN. HayKpbiibsa 
‘HJIbHO CaBJIeHbI C OOKOB, BaJIbKOBATHIC. OMUIMWJIEBPbl HALKPbIMH OTCYTCTBYIOT. 
DMUCTepHbI 3aHerpyiu OowbuiMe HU WIMpoKMe, YeTbIpexyroububle. IlepeqHue 
“a3HKM COMpNKacatoTcA, cpefHHe Ta3HKH CJlaOoMonepedHble, HeCOMpHKacaio- 
fMecH. Save Ta3vKU OTeeHbI pyr OT Apyra, BepWIMHHbIM Kpal 3alHerpyqu 
3MITAHYT M@XKAY HUM B Ba 3yOla, paseJIeHHble CepeMHHOM BbIPe3KOH, OKaH- 
(JICHHOM BaBJIeHHeM; K BHeWIHeMYy Kpalo 3THX 3YOWOB IIpHMbIKaloT 3aHHe Gel- 
ia. TlepBbit BHAMMEIM CTepHUT OpIoIKa O4eHb IWMpOKHH H OOpasoBasica 3a 
‘aeT cnuaHua III] u IV crepHutos, OprouikO BUAMMO COCTOHT H3 YeTbIpPeXx cTep- 
tMToB. Kpome Toro, 3aMeTeH MaJICHbKUM JOMOJHUTeIbHbIM CTeEPHUT Y BeplIMHBI. 
§ce JlaNKH, BHMMO, 4-4JIeHHKOBbIe, MepBble TPH WIeHHKa NepeqHHX JallOK 
[OnepeyHble HU MpHOH3HTeMbHO OJMHAKOBbIe, Ha CpeAHHX HW 3aqHUX JaMmKax 
-H WICHHK OUCHb JJIHHHbIM, JJIMHHee OCTaJIbHOM YACTH JaNKM, Ha CpeqHHX Jian- 
tax 2-H UNeHHK MaJIeHbKHH, 3-ii JBysOMacTHbIi, Ha 3aqHUX 2-H [ByOnacTHBIH, 
+H OUCH M@JICHbKHM, 3a10%KeH B BbIpesKe 2-ro, NOCMIeELHHU WWIMHHbIM. Korot- 
Mm HeOosbuMe, mpoctbie. Bce noKpoBbl rouble, OecTAIMHe. 

|. CweTemaTuyeckoe nosioKeHHe 92TOTO poa OBOJbHO 3araloyHoe; Soviee 
cero OH NpwOMM2KaeTCH Kk CeM. Colydiidae u Mycetophagidae u, B u3zecr- 
(Oli Mepe, 3aHHMaeT TpoMexkyTOUHOe MOMOKeHHe Me*KyY HAM, HO XoOpouio 
| ae OT OOOUX pAJOM MpHsHaKOB, B OCOOeHHOCTH CTpPOeHHeM JaloK. 
ostomy MBI BBIJe@AeM STOT PO B HOBOe CeMelcTBO — Circaeidae, OCHOBHad 
lapakTepucTHKa KOTOporo (MOCKOJIbKy OHA OKa3aJlaCb JOCTYMHOH UsyyeHHIO) 


vleqyromlas. 
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Jlanku 4, 4, 4, y cpeauux manox 1-i 41eHHK O¥eHb AJIMHHBIM, 3-H DByVJIO- 
nacTHblli, y 3aHux 1-H 4wieHHK MHOTO JWIMHHee OCTaJIbHOH 4aCTH JankKH, 2-4 
iBysonacTHEl, 3-i pelyiwMpoBaHHblli, cnpsTaH B BbIpeske 2-ro. Ycuku |l-ae 
HMKOBbIe, 5 MOCJIEMHHX WICHHKOB pacuIMpeHbl B OyaBy, NOCeHHH WIeHH 
6ompuiol. Ycuku mpukpenmeHbl cBo6oqHO y Kpan 6a. IlepemHecnHHKa Ges 
6OKOBOFO KaHTa C IeJIbHbIM MpOMOJIbHBIM KHJIeM. Bpromiko COCTOMT 43 4 BUM: 
MBIX CermeHToB. IlepBbiii H3 HMX OOpasoBasicA 3a cueT cauAHUA AByx (III » 
IV) crepHutos. Tun cemelictpa — Circaeus gen. n. 


Tun poga: Circaeus borisjaki Iablokoff-Khnz. sp. n. 
Bh (Gee Il 


Tonotun, Koumexuua TIMH, Ne 346—748. 

Bee Teslo H KOHeYHOCTH MeQHO-KpacHBle, OecTaHe, rouble. Bce MOKpOBB: 
ryCTOM@IKOTOYeUHBI€, Ha H@XKHO WarpeHHpOBaHHOM (poue. JlmuHa 2,7 MM. 

TomosBa 6oubillan, Clerké 
yxKe TlepeHeCHHHKH, T1a3a_ OOJIb- 
He, He BbICTyMawT H3 KOHTYpe2 
TOJIOBbI, HX OOJIbWIaH 4YaCTh pac- 
MOJIO*WKeHA HA ee HAMKHEHM CTOPOHE. 
l1-ff YIe€HMK YCHKOB JWIMHHee HV UIH- 
pe mpouHx, 2-H efBa JJIMHHee CBO- 
eli IMpHHbI, 3-H He wpe 2-ro ¥ 
Oomee uem B1,5 pa3za AvIMHHee ero, 
4-4 TakoH Ke JIMHbI, Kak 3-H, 
5-H Kopoue 4-ro, CulerkKa KOHH4e- 
CKHH, 6-H OBaJIbHbIM, TaKOH «KE 
JJIMHbI Kak H 4-H, culefyrouyne wie- 
HHKH, Jo 10-ro, momepeuHble, UIH- 
pe H Kopoue rpebIA yx. 

ILe.p¢Hec 0H H.K.a pone 
. Ney ox peuHanv, ee HaMOoJbllad WMpHHEe 

uc. 1. Circaeus borisjaki gen. n., sp. n. a— Buy 

cBepxy, Camel; 6 — BH CHH3y, CaMKa; @—seppii Y CCPCAMHbI, B 1,5 pasa OouIbIIIE 
yCHK Camila; 2 — lpapad mepequaa Janka camua; CBOCH MVJIMHbI, THCK HePOBHBIH, C 
O — JeBad 3aHAA JlamKa CaMila; @ — JIOKHbIM al BaBJICHHAMH, CJleqaMH moneped- 
Wekla B eCTeCTBeEHHOM BHe (MOKpbIT MIeHKOM HOM CKalKH MW OUeHb TOHKUM rp 
9MYJbCHH AHTaps) | 

Y3KHM TpOOJIbHbIM KHJIEM, OOKO- 

BbIe Kpasd HEPOBHOSaKp yIVIeHHBIe. 

6e3 KaHTa, BepLIMHHbIM Kpali WIMpOKO3aKPYyIrJIeHHbIM, OCHOBaHHe MpsAMoe. 

II[uToK MaJIeHbKHH, C OKPYIICHHbIM 3aHHM KpaeM, paBHOM JIMHbI HM IM: 
PHHbI. 

Hak pbb A YAIMHEHHO-OBaIbHbIC, B UBa pasa JMHHee uxfobme 
IWMpHHbI, C 3AKPYIVIeHHbIMH, C1a60 BbICTYMaIOWIMMA TvIeYaMH, Y BepIIMHbI 3a- 
KPYIrJIeHbl COBMeCTHO. 

Hus OjecTANLHH, WarpeHupOBaHHbIl, 6e3 ToweuHOCTH. 

Bul nocBauaetca TaMaATH akaflemuka Amexcea Anexceesnya Bopucaka. 


o 


SoonormueckHit HHCTHTYT Tlocrynuo 
Axajemun HaykK ApmCCP ; 19 II 1960 
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Jlornagp Akapemun nayk CCCP 
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HHTOJOTHA 
iene M. AKOBJIEBA | 


POCPATA3A JIEMKOWMTOB, KATAJIU3HPYIOWAA FHAPOJIH3 
AMEHWUJIOBOK KUCJIOTbI 


(II pedcmaeaena akademukom A. H. Bakyareéoim 6 VI 1960) 


B mpegpiyuyux padotax (', *) Hamu Oplia yCTaHOBJeHa JIOKAIH3alHA AKTHB- 
HOCTH (octaTasbl B JICHKOWNTAaX MoOWalW Ha Ma3Kax KpoBH. B ycJIOBHAX HHKy- 
Oauuu mpu pH 9,3—9,6 c ucnonb3oBanvem Na-ranmepodocdata HW aeHO3HH- 
Tpud@ochopHowk KucoThl (AT®) B KayecTBe cy6cTpaTOB B 93O03HHOHAaX UH 
HeHTpomusax Oblia OOHapyxXeHa AKTMBHO JlelicTByIOULlad WhemouHaAd cocdata- 
3a, JIOKAIM30BaHHaA B WHTOMMa3Me. IIpu uHKyOalHH c pHOOHYKJeMHOBOH KH- 
cmoToH (PHK) B kauectBecy6cTpata ObIIM NOJTyYeHbI HECKOJIbKO WHbIC Pe3yJIb~ 
TaTbl. 

JTanee OblIo OOHApyKeHO, YTO B rpaHysax Z03HHO*UNIOB CoOsepxUTCA cie- 
wuduyeckaa cocdatasa, ONTHManbHO aKkTHBHaA mpH uHKyO6auun c AT® 
(pH 7,4—7,6) u HeakTHBHaa pH sTHX *%Ke 3HaUeHHAX pH, ecu cyOcTpaToM 
CYXKUT TruMMepodochatT (rpaHysbI ObiwH MOUTH GeCILBeTHBIMH). 

MoxkHo OblI0 Mpesnosaratb, uTO cnemuduuecKkan cbocdbaTa3a, OKAJIU30BaH- 
Had B Ppanysax 903HHOMUIOB (WIM Ha UX MOBeEPXHOCTH) ABJIACTCA WIM. 5-HYK- 
Ne€OTHLAZON, KaTAIM3HpyiolleH TUAPOJU3 MbIMeYHOH aeHHJIOBOM KUCJOTHI, WIM 
aJleHOSHHTpHdocatason, OTMeN Ame KOHeEYHBIN docdat or ATO. 

Ilenbio faHHOH padoTE ObIIO NMpOBepuTb, WMeeTCA HM CnhemMpuyeckaa 
5-HYKNeOTHa3a B JeMKOWMTAX KpOBN Jouayu. Heo6xoqumMo ObWIO BbISCHHTB: 
1) B KaKHX opMax JeHKOMNTOB HM rye pacnonoxena chocdata3a, KaTausupyio- 
Ula THAPOM3 aeHuJIOBOM KMCJIOTHI, HM eCTb JIM OHA B rpaHywax JO3MHOHJOB; 
MeHAeCTCA JIM KapTHHa pacnosoKeHHA cbepMeHTa IIpH HHKYOAalHu C pa3JIMUHBIMHU 
ipenapaTamMu ajeHuoBon KucsoTEI (AM®@); 2) onTuMasbHoe 3HayeHue pH Aaa 
JeHCTBUA afeHosHHMOHOdocdaTa3bl; 3) MeHAeTCA JIM KapTHHa pacmouo*KeHHA 
coccdaTa3sbl mpv u3smMeHeHuu pH Hu cpoKoB MHKyOallMH. 

TexHWKa BbIABIeHUA (ocdaTa3bl Obiia aHaIOrH4HA MpHMeHeHHON pauee ('). 

Ma3kK¥, MpHrOTOBJIeHHble H3 KPOBM JIOWIa{M, OblIM (HKCHPOBaHb! B AalleTO- 
He pu Temnepatype —S° B TeyeHHe 15 mun. IIpu ambHelimeH O6paboTKe OHH 
TOMeWaIHCb B UHKYOaIMOHHBIM pacTBop cvieqyioulero cocTaBa: cyOcTpaT 
0,150 r; qucTHIMMpoBaHHag Boma 5 Ma; 2% CaCl, 20 ma; 10% MgCl, 10 kanemp; 
2% mefwuHan 25 ma*. B KayecTBe cy6cTpaToB ObIJIH HCMOJIb30BaHbI: aeHHJI0- 
Bad KHCJOTA MbillieyHad (aleHosuH-5’-mMoHOdocdopHad) HU afeHHIOBaA KUCOTAa 
powk*KeBad (afeno3uH-3’-cocdopuan)**, Wuxy6anua qunacb 5; 15; 30 muu.; 
1; 2; 3 uaca npu caemyroutnx 3HaueHuax pH: 9,3—9,5; 8,8; 8,5; 8,2; 7,5. 

Mecta sokamHu3amuu docdaTa3sbl XapaKTepH30BaJIMCb Te€MHO-KOpM4uHeBOH, 
MOUTH YepHOH OKpacKoli. Becb maTepuvan cboTorpadupospaca. Jlokanusanua 
cocdarasbl UcceqOBdacb MHKPOCKOMHYECKM Ha XOPOUIO paciwMacTaHHbIX Kpae- 
BbIX JI@CHKOMTAX. 

BpblIM HCHOb30BaHbI Ma3KH Kak IWeHTpHudyrupOBaHHOH, Tak M HeLeHTpPHpy- 
TMpOBaHHOM KpOBH JoWagqH. KapTuHbl Ma3KOB B OTHOUI€HHH aKTHBHOCTH (poc- 
cbaTa3bl B TOM MH ApyromM cayuae OblIH COBepUIeCHHO OLMHAKOBBI. 

IIpu pH 9,3—9,5 nocne 5 MuH. HHKyOalMH MOBeEPXHOCTb rpaHyJI 303HHO- 
ibH10B ca60, HO OTYeTIHBO TemMHeeT. [paHyvibl, HECMOTPA Ha CaOOCTh OKpackH, 
Bce Ke TeMHee, 4YeM Apo. Apo MO%KHO CUNTATb HecosepxKalluM (cocdaTasbl, 


* Mogudukanua Metogza Tomopu. ; 
** J. Adenosin-5-monophosphorsdure, reinst, Type A, AMP, Theodor Schuchardt. 
II. Adenosine-5-monophosphate Cy)HigO;NsP, Finomvegyszergyaér. Budapest, — Hungary. 
“III. Adenylic acid (Adenosine-3-phosphoric acid) Schwarz laboratories. New York. 
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jake Ha MOBepXHOCTH. 4 HO 3aMeTHO TOJIbKO O/larofapAaA CMaOoM OKpacke OKpy- 
*Karoulell ero wuTonasmMbl. Mexiy KpyNHbIMH 903MHOHJIbHbIMM rpanylamu 
B ILHTOMMa3Me HAYMHAaIOT BOSHHKAaTb Y4aCTKH, HHTCHCHBHO OKpallleHHble B 4ep- 
HO-KOpWuHeBbIii 11BeT. Bo3MOxKHO, YTO 9TO MeJIKHe IMTOMMasMaTH4ecKHe rpaHy- 
Jbl. TaM, re 203MHOUIbI OKa3aJIHCb Oo/lee C*KATHIMH IPH PUKCAaNMU, OKpacka 
ux Oo/lee HHTeHCHBHAa (puc. la—e). 

Tlocae 15 mun. codepxaHuaA B MHKyOalMOHHOM pacTBope HaJMuNe cocdara- 
3bI B ILMTOMMA3Me 2O3MHOUOB BbIABAeTCA Oomee ueTKO. B To xe BPeMA B 
rpanylax 903HHOHIOB HM Ha UX NOBepXHOCTH docdata3a oTcyTcTByeT. Bosmox- 
HO, ¥TO cpoctbaTa3a, HaXOAUBUIAACH Ha NOBepXHOCTH pany U OOyCOB/IMBaB- 
iad MX OKpaCKy IIpH KOPOTKOM BpeMeHH HMHKyOaMH, Tenepb y2xKe CKOHIECHTPH- 
poBaslacb BOKpyr HUX, B WHTOMa3sme (puc. lz). Hakonen, uepes 30 Muu. u 4e- 
pes 1 uac unKyOaunu (Obl cPoTorpapupoBaHbl Ma3KH HeleHTpudpyrupoBaH- 
HOM KPOBH) MOXKHO BHAeTb 903HHOMHMIbI C MHTCEHCHBHO OKpallleHHOM WuTONMA3- 
MOH M COBepIeHHO HeOKpallleHHbIMH s{poM HM rpaHyiamu (puc. 1d). 

Heiitpobust KpoBu Jiomagqu mpu pH 9,3—9,5 noce 5 MuH. MHKyOalnH 
(puc. 16) BbIABIAIOTCH, MeHee YeTKO, 4eM S03HHOMIbI. B 4wepHo-KOpHaHeBbIli 
TOH B HHUX OKpalleHa TOJIbKO WHTONNIAa3Ma. [loce MHKyOauNH B TedeHHe 15 MuH. 
WMTONNIAa3Ma B HeliTpodusiax OKpallleHa y2Ke HHTCHCHBHO, a Apo uM COBep- 
IU€HHO GeCIBeTHO, HIM KaxkeTCA cuaO0 3aTeCMHeEHHBIM BCJIEACTBMe OKPaCKH 0- 
KpbIBalollero ero TOHKOFO COA WuTOMMAsMBI (puc. le). [locate 30 Muu. u 1 uaca 
MHKyOalluv BCe Tak 2Ke OTYETIMBO OKpallleHa TOJIbKO WHTOMMA3Ma WM He OKpalile- 
Ho aapo. Ha ma3kax HeleHTpHdyrHpoBaHHOH KpPOBH IpH STHX CpoOKax HHKy- 
6allHH OYeHb XOPOLIO BUAHHI HeHTpodusnl. Ec HeuTpodusibl xoTA Obl HeEMHOTO 


CoKAaThI, WMTOMIA3Ma MX KaxKeTCA TOMOreHHOM HM BCA OKpallleHa B YeEPHO-KOPHu- © 
HeBbIi 1BeT. OHaKO eCJIM HeHTpOuJIbl XOPOWO pacmacTaHbI 10 cTeKsJIy, TO 


nocme 15 MHH. WHKyOalHH B WMTOMIAa3Me HX MOXKHO BHAeTb rpanyJibl ABYX 
TunosB. IlepBbie — 6eciiBeTHbI, HMeIOT KpynMHy!o *opMy UH AOBONbHO OoubuUINe 
pa3sMepbl; OHH pacioJO*KeHbl Hall AXPOM M Ha NepHdepuu HeHTpodusa. Bro- 


pble — HMerloT YePHO-KOPHYHeBY!IO OKpaCKy H 3allOJINAIOT BCIO IWMTOIMJIASMY | 


(pucwlae;cd; 20). 
Bo3MOxXKHO, 4YTO MpaHyJIbl HEHTPOMUJIOB BbILeIAIOT KaKOH-HOc cexper. IIpu 
3TOM paHyvIbl, CojepxKalue cbociata3sy HW He CoseprKallue ee, MOrYT HaXOJHTb- 


CA Ha pa3HbIxX CTalMAX OOMeHa BelllecTB (puc. 26—O). OfHaKo Heb3A CUMTATH | 


OKOHYATEJIbBHO HCKJIOUCHHBIM, 4YTO tocdatTasa cofepxKUTCA B WATOMIasMe BHE 
rpaHyJI HW TOJIbKO NOKpbiBaeT nocwequHe. IIpu pH 8,8 uHKyOamMoHHorO pacTBO- 
pa 303HHOHIbI UH HeEHTpodubl XOpowIO BHAI noce 30 MMH. UHKyOalHN U 
6oulee. KapTuHa OKpaCKH NpHHIMMMaIbHO COBepIeHHO Taka xKe, KaK MU pu 
pH 9,3—9,5. B uvepHo-KopHuHeBbIli WBeT OKpallleHa TOJbKO WHTONIAasMa. I pa- 


HYJIbl SO3HHOPHIOB, Apa S03HHOPWIOB HM HeEHTpoOdHIOB, KaK OObIHO NOCcJe 


30-MMHYTHOH MHKyOallHu, He OKpallleHbl. 

IIpu pH 8,2 uepes 1 vac wHKyOaluM BUAHEI TakKxKe TObKO 903MHODHIBI. 
Yepes 2 4aca MOKHO BUIeTh yxKe U HeTpouubl (puc. 32, cyOcTpaT—ApomxKeBaA 
aleHuJIOBad KusoTa). Uepes 3 uaca OHM BUHbI elle Gomee OTYeTIMBO (cy6cT- 


paT — MbIlleyHad afeHHIOBaA KHCIOTa), IpHueM M B HEHTpodulax MH B 303H-— 


HO@uNax OKpauleHa TObKO WuTOMNIAaA3Ma (puc. 30). IIpu cTomb AMTebHO MH- 


a 


Puc. 1. Sosnnopuib u Helitpopustt. Cy6ctpat — mblleyHad aqeHHJoBasd KUCJOTAa. a — 8 — 

pH 9,4; unky6anna 5 MHH.; Ma30K IpHroTOBeH focle wenTpHdyrupopanus. 2 — pH 9,4; 

WHKyOala 15 MMH.; Ma30K MpHroToOB/JeH nocue WeHTpHbyrupoBanua. O — pH 9,5; unkyOauna 
1 uac 10 MuH.; Ma30K MpHroToBeH 6e3 WeHTpudyrupoBanusA 


Puc. 2. Heiitpodpusatt (a—O) u s03unopuse (6—O). Cy6ctpaT — mblmeuHas afeHuoBad KUCIO- 

Ta.a— pH 9,4; uuky6ayua 1 uac; mMa30K NpHroToBseH mocue WeNTpHdyrupoBanusa. 6O—O — 

pH 9,5; wukyOauua 1 uac 10 MuH.; Ma3KH mpHroToBueHb 6e3 WeHTpHpyrupoBanus. B wutTo- 
TWla3Me He€HTpOHUIOB OKpauleHHble H OeCUBETHLIe rpaHyJIbI 


Puc. 3. DosuHopubl (a—e) u HeliTpodpusL (@—O). Cy6crpat: a—e, 0, e — MbINeuHad agenuso- 

Bad KMCIOTA. 2 — ApomxKeBad aleHHOBad KuCOTa. a, 6 — pH 8,5; unxyOauna | uac. 6 — 

pH 8,5; unxyOamua 3 aca. 2e— pH 8,2; uyxy6auua 2 vaca. 0 — pH 8,2; unkyOauus 3 uaca. 
e — pH 7,5 — 7,6; unky6auua 3 yaca 50 Muu. Ipenapatt copepmenno He OKpalleHbl 
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Puce. 4 
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Puce. 
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Puce. 
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KyOauuu OOvIbIMaA 4acTb Ma3Ka OKpallleHa faK CHJIbHO, 4TO KaxKyTCA 3aKpa- 
WICHHBIMH TaKKe HU [paHyYJIbl SO3MHOUIOB; OLHAKO TaM, Te 9O3HHOMUIBI XO- 
poulo pacnlacTaHbl M0 CTeKJy, rpaHyJIbl HX ABHO He OKpawieHbl. IIpu BHUMa- 
T€JIbBHOM H3Y4CHHH COBepIeHHO ACHO, YTO B 3903HHOdHIaX HU HeliTpocdbulax 
dbocaTazsa OOHAapy2xKUBaeTCA TOKO B UWHTOMIA3Me HM ee HeT B Ape. JLuuTedb- 
HOCTbh HHKyOallHM B STHX OMNbITAX He MO3BO/AeT paccMOTpeTb eTael pacnono- 
*KeHUA docHaTasbl B wHTona3sme. IIpu mpHMeHeHHu B KayecTBe CyOcTpaTOB 
PasJIMUHbIX MpenapaTOB MbIWeYHOH H WpORKeBOH aeHUJIOBOH KUCJIOTHI HUKa- 
KOH Pa3HHIbl B KapTHHe peakUMH yCTaHOBHTb He yfasocb. pu AnHTembHOn 
_wHKyOannu (3 uaca u Oovlee) c MBINeYHOM aleHHMOBOM HM WpoxxKeBOL aeHUvO- 
' BOM KUCOTON (pH 7,5) Kak 903MHOHIbI, TAK M HeliTpousbI OcTaloTCA CoBep- 
IM€HHO HeOKpaileHHbIMU (prc. 3e). OHM HHYeM He OTIMUAIOTCA OT JelKOMMTOB 
M@3KOB KOHTpoA. MuHkyOalMOHHbIli pacTBOp B KOHTpovie Obi MpHvroroBeH 
' TOUHO Tak Ke, KaK B OMbiTe, HO He COsepxas cy6ctTpata, pH pactBopa KOHTpo- 
JA Obl ONTHMAIbHEIM (9,0—9,3). JleHkOMNTbI B KOHTPose ObIIM TakxKe COBep- 
WeHHO HeoKpawieHHbIMu. JIumcounTs!l uw Apyrue cbopmpl seHKoUNTOB BooObuTe 
He ObIWIM BHJHbI pH BCexX 3HaueHHAX pH wHKyOamMoHHOrO pactTBopa. IIpu 
JJIMTeCABHOM BPeCMeHH WHKYOAaLH JMMCOUMTHI MOXKHO ObIIO BUETb TObKO CCH 
OHH JleKaIM B rpynne S03HHOUIOB U HeHTpodusop. Bepostuee Bcero, 3TO — 
apTeakT; TaM, rye OHH ObIIM JanekO OT 303HHOUJOB HU HeHTpodus0B, Mpu 
JWIMTeEIbHOM BPCMeHH HHKYyOaLHH, OHH NOUTH He ObIIH 3aMeTHHI. 

Ilpu ucnomb30BaHHH B KayecTBe CyOcTpaTa ayeHHJIOBOH KHCJIOTHI MlemouHaA 
cbocbata3a B JHMOUMTAX He BbIABIAeTCH. OHaKO M3BecTHO (°), 4TO TOCe 
TIpeBpauleHuA JIMM@OUNTOB B MakKpodbarH OHH COep2xKaT OFPOMHOe KOJIMYECTBO 
‘cocata3bi Kak B WHTOMMAa3Me, Tak HW B ALpbiluKe. B To xe BpeMA Makpodaru 
WrpalwT BaxKHYy!O POJlb B BbIPAOOTKE BellleCTB, CMOCOOCTBYIOILHX 3a%KUBJICHHIO 
pau (4). MoxHo mpeqnonaraTb, uTO busvOMOrMYeCKad AKTHBHOCTh 303HHO@H- 
JIOB H HeHTpoduOB TakxKe CBA3aHAa C HaJIHYHeM B HHX PasJIMUHbIX cpocdata3. 

Takum 06pa30M, yalocb yCTaHOBHTb Culeyroulee: 

1. ochata3a, KaTamH3upyioulad THAPONH3 MbIMIeEUHOH aeHHJIOBOH (aeHo- 
3HH-5’-MoHOtocopHOH KUCJOTHI) H ApoRKeBOl aAeHHJIOBOH (aeHOSHHTpH- 
cbocsopHOH KUCJIOTHI), MO*KeT ObITh OOHAPYyKeHa OMMCAHHbIM MeTOJOM B IMTO- 
T11a3Me J03HHOMUIOB uM HeTpodus0B. LT panysbl 3S03HHOHOB TObKO TpH 
5-MMHYTHOM HHKYOAaMHH MOKa3bIBalOT OYeHb Cy1aG0e, HO peaJIbHO CylecTByroulee 
-OKpallluBaHne. OTa oKpacka GObICTpO YXOANT B WHMTONMA3MY, HM y2Ke mpH 15-MMHyT- 
“HOM HHKyOallHM MOMOKUTeEMbHY!O PeaKILHIO OOHAPYKMBAET TOJIbKO WUTOMIA3MAa. 

2. Peaxuua cpegbi 9,3—9,5 aBasneTca HanOovlee OaronpHATHOK AWA ru- 
pou3a afeHusoBHIx KucmOT. IIpu stom pH ruypomus MoxKeT MpOuCXOLMTb HaH- 
Gouee GbICTpO, B TeyeHve 5 MHH., a BO3MOKHO H B Oolee KOPOTKOe BPeMaA. 
ONTHMaJIbHad MpososMKUTebHOCTS WHHKyOanHH 30 MuH.— | yac. 

3. IIpu pH 8,8; 8,5 u 8,2 Hanuune cbochataspl B WHTOMIAa3Me 303MHOMUOB 
HW HeHTpOUIOB TakxKe MOXET ObITh BbIABJeHO. OXHAKO JIA STOO HEOOXOLMMO 
Oouee [IMTeIbHOe BpeMA HHKyOalHH, ocobeHHO AIA HeliTpodusios. HuKkakux 
W3MeHeHHH B pacnosomKeHUU cbocdaTasbl pH AWIMTebHOK MHKyOalMn He Ha- 
6nroqaeTcs. 

4. Cnenuduueckoli 5’-HyKneoTugasb (HIM 3’-HyKJeOTHJa3bl), 10 CBOHCTBaM 
OTAMYHOH OT WeTOUHOM docdaTasbl WHTOMMA3MbI, IPH UCMO/Ib3OBaHHOH B pado- 
Te MeTOJUKe HalHTH He yaJlocb. 

5. ConoctaBiaad aHHble HacTosilel u mpembityuel (') pa6oT MoxkHO CyH- 
TaTb, YTO B 903MHO(UNAX WIM Ha HX MOBEPXHOCTH COsepxKUTCH CneuMpuyeckad 
ajleHosMHTpudocdata3sa c ONTHMyMoM jleHicTBuA pu pH 7,4—7,6. 


VuctutyT Mopdouiornu xHBOTHEIX uM. A. H. CeBepiosa Ilocrynu10 
| Akagemuu Hayk CCCP 31 V 1960 
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bakTopbI B BOCCTaHOBHTebHEIX Mpoueccax B TKaHAX, M., 1958, crp. 3. 
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IKOJIOTH A 


Bb. B. KOWEJIEB 


CE3OHHbIE OCOBEHHOCTH CO3SPEBAHHS HKPbI Y PbIb 
C ZBYMA THMAMH HKPOMETAHHA 


(I]pedcmaeaeno axademuxom H. H. II maaveaysenom I VII 1960) 


Bonpoc 06 ocoGeHHOCTAX NMOJIOBLIX WHKJIOB y pblO KaK B OJHOM BOsOeme, 
Tak M y OMHOrO HM TOO Ke BULA B PasJIMYHbIX BOMOCMAX 3aC/1y2KUBaeT OCOOorO 
BHHM@HHA B CBA3H C CYIeCTBeEHHbIMH H3MCHEHHAMH OWMOJIOTHH Pa3MHOKeHHA | 
MHOFHX IIPOMBICJIOBbIX PbIO B pesyJIbTaTe AKKJMMATH3aHH, PHAPOCTPOUTeIb- 
ctpa u T. B. ((%, 4, °, *, 2°, 1°) w ap.). OqHako pa6oT, NOCBALLeHHBIX HCCAeLOBAa- 


HH1O C€30HHOTO Ppda3BUTHA TIOJIOBbIX KeEJIC3 Y pp16, OTHOCHT@JIBHO HeEMHOTO 
(@ De oe es Cee LOLs ee 2, <2) 
? by s 


? 3 , ’ bs ? 
CpaBHHTeJIbHOe H3y¥eHHe NOJIOBbIX WHKJIOB y pblO C eAMHOBPeMeHHBIM HU 
‘IOPILHOHHBIM HKPOMeTaHHeM H BbIACHeHHe OCOOeHHOCTeH CO3PpeBaHHA HKPbI y 
6NM3KOPOACTBEHHEIX (bopM (B AaHHOM Cyly¥ae OKyHeBbIe: OKYHb — Perca flu- | 
viatilis L. u epu1 —Acerina cernua (L.)) mpoBpogutTcs, HackOJIbKO HAM H3Be- 
cTHO, BiepBbIe. J[eTasibHOe H3y4eHHe B OJHOM HM TOM Ke BOJOeMe MOVIOBOrO WHK- 
Jia y pblO C CHHXPOHHbIM HW ACHHXPOHHBIM POCTOM OBOLHTOB JaJlO HAM BO3MO2K- 
HOCTb IIpecTaBHTb XapaKTepHYy!O KapTHHY CO3peBaHHA HMKpPbI y 3THX BHOB 
pblO B aHHOM BOJOeMe HM BbIACHHTb OCOOeHHOCTH OBOreHe3sa y PbIO C ABYMGA | 
THHaMH HKpOMeTaHHA B TeyeHHe rosa. 
MartepHasl coOupasica B TeyeHHe rofa Ha 03. yOOKOM CaMbIMH pa3JIHUHbIMH 
opyauamu uoBa. Ilocne nomHoro 6MomOrM¥ecKOrO aHanH3a HeOObIUINe Kyco4- 
Kt MOJIOBbIX 2Kes1e3 (PHKCHPOBaIMCb B XUAKOcTH BysHa, HeliTpasdbHoM cpopMa- 
JimuHe M110 Llenkepy. Cpe3ni TommuHohk 7—8 p oKpawiuBanuch no Mannopu u 
cyfaHom III. KonnuectBo 3apukcHpOBaHHbIX AHYHHKOB OKYHA HM epiia Lia 
FHCTOJIOrHYeCKHX HCCIeOBaHHH mpescTaBseHo B Ta6u. |. 


Ta6Oania 1 


KouuuectBo co6paHHoro MaTepvada Jud TuCTOJOrMYecKOrO H3yYeHHA AMUHMKOB (03. [ay- 
6oKoe, 1958 — 1959 rr.) 


: Mecaltpl 

Bug ppi6nl A 
I II II] 1V Vv VI VII | VIII IX X XI | XII 
4 2) 4 / 44 

Epa 1. oe 3 8 me Zo — 8 13 fi) 17 11 142 

' — | 10;-— |} — ieee 24 4.5, — — — — | 77 

OvVaet HiSehoGshoa ot Sy Luce ioe “| — | 2 is Be 
say) le) eee yagi Onn eae = = = = va 14 

Beero...|4 | 44] 6 | 43] 57) 38) 7 | 44 | 24) 42 | 49 | 42.) 217 
— tL} — NAC 2 eae 15 — — — 91 


Ipumeuaunne. Hag uepto 1958 r., nom yveproh 1959 r. 


Ila Toro, YOObI MOXKHO OblIO CpaBHMBaTb MaTepHaJ MO XOLy cospeBaHH 
MOJIOBbIX 2KeJIe3 Y OKYHA HM eplla, HAM HeEOOXOAMMO ObIIO Mpexkse Bcero ycTa 
_HOBUTb CPOKM HepecTa ITHX BHAOB, YTOObI COMOCTABJICHHE JJIMTeIbHOCTH CTa 
uM 3pelOCTH HAYMHATb HeMocpeACTBeHHO c mOCJeHepecToBbIx cTaqul. Tpyay 
HOCTb B OMpeeJIeHHH CPOKOB HKPOMeTaHHA 3aKIOUAIaCb B TOM, 4TO ep BbI 
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MECTHIBAeT HE OMHY NOPIHIO UKPbI U Ha JOBOJIbHO 3HaYHTeIbHOM ryOuHe, n0- 
STOMY OlpeeseHve CpOKOB Hepecta NpOBOAMIOCh noOcTe CpaBHeHUA pxAa noKa- 
3aTejlel (B yJIOBaX BCTpeyaloTca camKu Cc TeKyueii HKpOH, OTOXKeHa UKpa Ha 
HCKYCCTBEHHBIX HepeCTHJIMINaX, HaleHbl WyCcTble (ouIMKyJIbl H He BbIMeTAaH- 
Hble 10 KaKOM-1MO0 pune pesopOupyloulueca UKpHHKU). Kpome Toro, HYyXK- 
HO OblI0 paspadoTaTh HakexHYIO MeTOAMKY onpeseneHus cTa_uit speslocTH Mo- 
JIOBEIX 2KEME3 MO NepHOaM, T. €. CYMeTb MOKAa3aTb, NepBad MIM NocTeLyroulHe 
NOPUHH CO3PeBaloT B AMYHUKE y pbIO C NMOPUMOHHbIM HKPOMeTaHHeM, BMepBbIe 
JIM MOBTOPHO CO3peBal0T MOJIOBbIe 2KEeeSbI Y pbIO C OMHOKPATHBIM HepecTom. 


Puc, 1. Auauuk oxyua Ne 5. [= ll cm; Q= 44,3 r: 

gq = 40,8 r. Bec nouoppix ees 9, = 0,2 r. Ha cpese 

BHXHEI MycTHe dowwiukybl (1), OBOWHTEI MaJoro 

pocta (2) u Kpal o6004KH xnuHuKa (3). DuKcanna — 

ByoH 24 II 1958 r. Oxpacxa no Manopu. O6. 8, 
Oye, if Bx 


Tlocue TuaTesbHOTO aHasiu3a 9KOJOrHYeCKHX HM FHCTOMOrMYeCKMX JaHHbIXx 
Hamu OplI0 M0Ka3aHoO, uTO B 1958 Tr. HepecT okyHa Qancaic 11 no 19V, 81959 r.— 
¢ 2 no 6 V. Epm spimetpipa mepByto nopuuio B 1958 r. c 18 no 28 V, Bropyto 
-nopuuio — c 20 VI no Kone uiomA; B 1959 r. Hayao Hepecta oTMeyeHO 8 V, 
‘Hayao BToporo uKpometa — 17 VI. 

Tlocuie MakpockonMyecKoro U3y4eHHA MOJIOBLIX %EJI€3 MBI IPMUWIM K BbIBO- 
AY, 4TO, OCHOBbIBAACh TOJIbKO Ha BHEWIHEM BUe MH Ha KOS*puUMeHTe 3pesOcTH 
|) AWUHUKOB, JOBObHO TpyXHO TOBOPUTb O TepHose cospeBaHuaA uKpbI. B pe- 

‘3yulbTaTe STOTO AMYHUKU OKyHeli BO I] cTaquM 3peOCTH, KOTOPbIe ObIIM BbIJIOB- 
JICHbl HAMM B 3MMHHe MeCAIIbI, Obl OTHECeHbI K CaMKaM, BIepBbIe CO3peBalo- 
ULUM, YTO OKa3as0Cb OWIMOOUHBIM IPH aHasM3e TMCTOJIOrHYeCKUX MpenapaToB 
{puc. 1). Ha ructomormueckux cpe3axX OTYETJIMBO BUAHbI MyCTbIe POMMKYAbI 
(1) % OBOWMTEI Manoro pocta (2), KoTOpple He ycreBaloT cospeTbh K Hayamy He- 
‘pecTosoro mepvoga. Y ppi6, BbIMeTHIBAIOWIMX HECKOJIDKO NOPUHH UKpbl, 8aTpyJ- 
HeHO OMpesemeHve MepHOMOB B CO3peBaHHM OTAeIbHbIX NOPUMH MKpbI H, CooT- 
BETCTBEHHO, UCTHHHEIX CTaQMii 3peOCTH, TaK KaK B OAHOM M TOM 2K yJ1OBe 
BCTpeualoTCA CaMKH B MepHoO cospeBaHuA MepBoH HM BTopolt Nopuuli MH yxe 
OTHepecTMBIMeca pbIObl. Tak, B KOH WIOHA B YJIOBaX CTA MOABIATBCA ep- 
iu c AMGHVKamu BO II cTraquu 3pesIOCTH, OJHaKO Ha OCHOBaHHM BM3yaJbHOro 
USyYeHUA ObIIO HEBOSMOKHO CKa3aTb, YTO 9TO 3a CTAMA — HaCTYNJeCHUA MO0- 
OBO 3peNOCTH UM MocMeHepecToBaA y MOBTOPHO CO3peBaloulMX CaMOK epiia. 
Ha ructosioruyecKux cpe3aX MBI OTYCTIMBO BUAMM, 4YTO 3TO CaMKH, 3aKOHUMB- 
Mine HepecTOBbIit Nepvoy, u OTMeTaBUIMe BCe HOpuMM uKpbI (puc. 2). Ha muxpo- 
cbororpauax AWYHUKOB TaKUxX CaMOK OOHAapyxXeHbl MycTHe domimKyvb (/), 
pesopOupyroulueca opomuTet (2), a TaK2%Ke OBOMMTEI MaJioro H OoOsbUOTO pocTa, 
‘TIpW4em rocaenHHe mpucyTcTByOT B HeOOJbUIOM KomMYeCTBe, ITO renepanun 
“ye Oyayulero roa. i 


B peaybTaTe W3yYeHHA AMYHMKOB Ha3BaHHbIX BUOB pbIO B TeveHe Kpyr- 
jlOro Toa yLaslocb MOKa3aTb, UTO y OKYHA Oosee ueTKaA M MpocTad Nepvoyny- 
HOCTh CO3PeBaHHA MOMOBbIX 2Kee3 HMeeT CBOM Crlelupuyeckue Bice 
B oTMebHBIX CTaMAX 3peJIOCTH 
AMYHUKOB, HallpuMep, BbIAeAeTCH 
pA mogctaluu. OTH moscTaun 
XapaKTepH3yI0TCA CYIeCTBCHHBIMH 
H3MCHEHHAMH, TIpOHCXOLAMMMH B 
OBOWUTaX, KOTOpbIe B CBOIO O4e- 
pelb o6ycOBIeHEI cnemu@ukor 
OMOIOrMH pa3sMHOxKeHHA (eMHO- 
BPeMeHHBIH HW paHHHH MO CpoKaM 
HepecT, oOOpa3s0BaHHe  KHpOBOK 
Kalu HW CBoeoOpasHOn KaqKu B 
Be MYCTOTeIbIX, AKYPHbIX JICHT | 
ut. 2.). Tlocnenepectopaa I] cta- | 
JIMA 3pesIOCTH AMYHHKOB OKYHA 
JWIMTCA C CepeMHbI HIOHA MO CeH- | 
TAOPA MIpHOMMsUTeMbHO 75 melt | 
(cm. puc. 3) uM pa3z6uBaeTca Ha 
MOACTALMIO OTHOCUTEJIbHOFO NOKOA, 
Kora B AMYHUKAX 3aKaHUMBAIOTCA | 
pe30pOWMOHHbIe MpOMWecchl, Moz- 
cTauio GypHOro oBOreHesa HM MOA- 


Puc. 2. Auunuxk epma Ne 73. [= 10,5 cm; Q= 16r; CRAM AIO; 4. ROTO RAN ES eons 
q= 14,96; gr = 0,2. Bugunr nycrue honauxya: YaIbHBIe asbl 6ouIbuIOrO  pocTa 
ee B pee (2), gee mano-  OBOWKMTOB (ca3a Dy). B ocenHee 
ie) HW Havadla OOJIBUI ocTa. HKCawHA — = 
Byau 22 VI 1958 r. ea x Mauasopu. 06. 10, SLL caehet a Mente Pee. 
Seite rigs pakTepusyetca casamu BaKYOJIM- 
3allHH WH HAKOMJICHHeEM MUTATeJIbHBIX BeULECTB B OBOILHTAaX HM JWIMTCA B Teue- 
Hue II] u IV ctagqui s3peocTH MOJIOBIX xeNe3. : 
II] cragua spenocTH HauMHaeTCsH C nepBbIxX 4MCel CeHTAOPA WM 3aKaHUH- 
BaeTCA B KOHI€ OKTAOPA M WWIMTCA MpHmMepHo 45—60 quel. : 
Camas quiuTenbuaa, IV, ctayquad 3pelocrw AMYHUKOB, OXBaTbIBaeT MpOoMexky- 
TOK BpeMeHH C HOAOpA 10 Mali WM QVIMTCH OKosIo 5,5 Mec. Tak Ke Kak HM y Apyrux 
OKyHeBbIx ('4), B Hell HaMedaeTCA He- 
CKOJIbKO noxctagun: [Va — Hnayano «KN- 
pooOpasoBaHuaA, %eITOK B Be MeKUX 
3epeH, CTYeHHCTad O6O0"KAa TOJIbKO 
HaunHaeT yBeMuNBaTEca; 1 V6 — xapak- 
TePH3yeTCA CJIMAHHEM KUPOBbIX KarleJb 
B Oolee KpynHble, KOTOpbie pacriova- BES 
raioTca B WeHTpe oBowHta. PKeTKa 
MHOrO. CTyeHucTad o6o04Ka 3HauH- 
T@IbHOH BeIMUMHBI. OTa nosctaqua o6- »yLl a a 
HapyxKeHa B Haase BeECHLI MU AMTCA No ¥72777 RH 
mepexoya AH4HNKAa B V cTayqMIo 3penoc- 
TH. B 9To Bpema oTMeyeHO Maaicitod a 
yBeIm4yeHHe aGcOJIOTHOTO H OTHOCHTeIb- BQN WEY (Cov Gaz 
HOrO BeCa AMYHHKOB 3a CueT yBemH4e- 
HUA OBOMTOB. B V ctaquu spesoctTu Puc. 3, OcobeHHocTH mpoxorkKeHHs cTaqun 
BbIeIAeTCA Nogctaqusa Va, Koryap auy- °POVOCTH AHSHHIROB y Dae SAAT a Ee 
HHKaX BCTpewaloTCA MOUTH CcospeBIe Sea i 
OBOILMTHI, B KOTOPHIX %KeJITOK CJIMT B CIVJIOMWIH YO MaCCy M H€CKOJIbKO JKCILCHTpH4- 
HO paciloviowKeHa KpyiHad KUpoBaA Kania. VO — TekyuMe CaMKM, Kora Ha- 
OOLaeTCH BHIXOM, H3 AMYHUKA yxKe cchopMupoBaHHOH Ka\KU OKyHA. OTH NOs- 
CTaIMH O“€Hb KPaTKOBpPeMeHHbI HM XaPpaKTePHbI TOKO WIA OKYHA. 
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Tlocmenepectosan craqua, VI—II, gautca oxono 20—30 anelt. B pe3 yuIb- 
TaTe YAIMHEHUA STOH NepexoAHOH CTaMM MpOUcXOgUT sajlepxKa B pocTe OBO- 
WMTOB Cieqyioulen TeHepallMu, 4TO IIpMHBOAMT K MpomycKaM B HepectTe OKYHA. 
HecoMHenHHo, 4TO pomycKu HepecToBoro nepvoka uM ycOKHeEHMe MOJIOBLIX 
WMKIMYeCKHUX H3MeCHCHMH y CaMOK OKYHA BBISbIBAIOTCA JKONOTHYeCKMMM MIpH- 
4MHAMH, KOTOpPbIe TpeOy!IOT JONOHUTeEIbHLIX MCCIeqoBaHHtt. 

Y epilia, B OTMMUMe OT OKYHA, YyCTaHOBJIeHO JBYWMKIMUHOe cospeBaHue 
NOJIOBBIX Kees, C BbIMeTbIBAHHeEM 3a Ce30H JBYX NOpuui UKpH. 

TlosqHuii 10 CpoKaM HepecT, NMOpmMOHHOe HKpOMeTaHHe ocobel u pacTaHy- 
TbIH BbIOOH UKPbI CTaOM, OOpas0BaHve %KUPOBOM Ka, BIMeTHIBAHHe O/MHOU- 
HbIX' HKPMHOK Ha rylyOuHe OKOIO 3—4 M— BCe 9TO HaksalbIBaeT OTMeC4YATOK 
Ha XO C€30HHOrO OBOreHesa CaMOK epia. Y eputa ToubKO IV cTaqua 3peocTu 
pacnafaetca Ha NoscTaqun —Hayalla *%KUpoOOOpasoBaHUA HW OOpPasoBaHUA Kpyt- 
HOH 2KMpOBOH Kamin (cM. puc. 3). B oTaMune OT OKYHA Hayao 2KUpoobpasona- 
HHA B OBOWMTAX HaOMOLaeTCH B BECCHHHE MCCALL, HeEsaosITO JO Hepecta epmia. 
Tlocse BbIMeTbIBAHUA BCX NOPULMH HKPbl MH OKOHYAHUA Pe3OPOWHOHHbIX Mporec- 
COB Cpa3sy *%Ke HauUHHaeTCA HOBAA BOJIHA OBOTeHesa, HEPABHOMEPHOCTb KOTOpOorO 
B J\aJIbHeMiieM MpHBOAHT kK OOpas0BaHHIO AByX nopmuuh uKppl. J. MTebHOCT 
cTaqun cieqyrouan: [V, — c Hauaa JekaOpa lo cepequHbI Max, AMTCA OKOWIO 
165 WHeH; cTaqMH 3pe0cTH B HepHod co3peBaHHA BTOpOH NopuMH HKpbl — 
IV,— III, — IV. — V. — npoxogat npu6mu3uTebHO B TeyeHHe | Mec.; BTOpad 
TIOPUMA MKPbl CospeBaeT, KaK MpaBusio, K KOHILYy uIOHA; II cTaqua 3pesocTu 
JWJIMTCA mpumMepHo 80 Hel —c mepBOH JeKabl UIONA MO OKTAOPb. 

Takum 06pa30M, OCHOBHOe OTIHYMe MOJIOBOTO IMKIa CaMOK eplila 3aKJIl0- 
yaeTCAH B MepHosuuecKH MOBTOPAIONLeMCA JBYMHKJIMYHOM CO3peBaHHH MOJIO- 
BbIX 2KeJIe3, UTO IIPHBOLUT K H3MCHEHHIO CKOPOCTH COspeBaHHA TOHAa B NepHog 
oOpa30BaHUA MepBOH MH BTOPOH Mopuwi MKpbl. Ecim y oKyHA C Hayaa OovbUIO- 
ro pocta (c III cragum 3penocTH) fo HepecTta Mmpoxo_NT mpH6usHTeIbHO 
220 WHeH, TO y CaMOK eplila CKOpocTb Co3peBaHHA UKpbl NepBoh HM BTOPOH 
MOpWHH MOMKHO MpelAcTaBuTb B Culeqyroulem Bue: II], — IV, — Vy, npoxoyut 
3a 165 quel; II], ~ IV, — V. mpoxoguT 3a 30 aHel. 

CkopocTb npoxoxwKeHuA cTaMH 3peoOcTH B Tepvo cospeBaHHA BTOpON 
TIOpWMU y CaMOK epilla yBeH4yNBaeTCA B 5,0 pas TO CpaBHeHHIO C JVIUTeIbHO- 
CTbIO CTaMMH 3peNOCTH AHYHUKA B MepHO, CospeBaHuA MepBOH NMOPWHH UKpbl. 


VWuctutyt mopdosoruu xuBOTHDIX uM. A. H. Cepepiosa Tlocrynua0o 
Axkayemuu HayK CCCP 17 VI 1960 
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MHKPOBHOJIOTHA 


3. A. TIETPOBA 


UCNOJIBSOBAHHE AMHMHOKHCJIOT NYPNYPHbBIMH BAKTEPHAMH 
RHODOPSEUDOMONAS PALUSTRIS 


(I1pedcmasaeno akademukom B. H. Hlanownukose.m 30 VI 1960) 


Vis3BecTHO, YTO ypnypHble OakTepHH MOryT MOTpeOJIATb MPH CBOeM PasBH- 
THH pasJIMUHble Oe3a30THCTHIe OpraHHyecKve coeqHHeHHA. MMeroTcaA aHHple UH 
O XapakTepe HCHOJIb30BaHHA ITHX CoeqMHeHHH. Topa3yqo MeHee H3y4eH y PoTO- 
CHHTeC3HpYIOWHX OakTepHH MeTaOoIH3M a30TCOMep2xKallMX OpraHWyecKHx Be- 
Il€CTB, B YaCTHOCTH AMMHOKHCJIOT. 

B page paOor BcTpeyaioTcaA yKa3aHHA Ha BOS3MOXKHOCTb Pa3BHTHA HeCepHbIxX 
IYPNYpHbIX OakTepHH Mp HCnOMD3;0BaHHH amuHOKucuoT (1°, °, 2, *, °). Cole- 
man (°) nmoka3aI, 4TO OTMbITbIe cycneH3HH Rhodospirillum rubrum MorytT 
pa3jaraTb MHOrHe aMMHOKHCJIOTHI Cc BbIemeHHem CO, uw NH,y. Hakonusenue 
aMMHaKa TIP pa3Jl0X%KeCHHH HEKOTOPbIX AMHHOKHCJIOT MOKOAULMMHMCA KJIeTKaMU 
HM alleTOHOBbIMH mpenapatamu Rhodospirillum rubrum u Rhodopseudomonas 
vannielii Obl10 O6HapyxeHO Takxe B pa6oTte Scardovi (§). Coleman noxpooxo 
H3V¥MJ HCHOb30BaHHe PIKOTAMMHOBOM KucTOTHI Rh. rubrum (7, °) u noKasau, 
4TO H B paCTYWIHMX KYJIbTypax 3TOFTO OpraHH3Ma MoTpeOsleHHe PyIOTAaMMHOBOM 
KHCJIOTbI COMpOBOKLaeTcA BbieTeHvem CO, uw NHsg. 

IIpuBegqeHHble BbILIe Pe3yJIbTaTbl MOJIYYeHbI B OCHOBHOM B HCCJIeqOBaHHAX 
c coTorerepoTpoHbiIMH MpeAcTaBHTeJIAMH HECeEPHbIX MypMypHbIX OakTepui. 
HactTosujad paOoTa mOcBAuleHa H3yYeHHIO BO3MOMKHOCTH M XapakTepa HCHOVJIb- 
30BaHHA AMHHOKUCJIOT MYpMypHbIMH OakTepuaAMH, O1H3KHMH K Rhodopseudo- 
monas palustris, HO O6jaalouluMu, B OTJM4YNe OT THMMUHbIX HeCePHbIX Nyp- 
IYPHBIX OaAKTepHi, CMOCOOHOCTHIO pacTH PoTOaBTOTpO*HO, Ha YHMCTO MHHEpavb- — 
HbIX Cpeax, 6e3 OpraHWyecKHX HCTOYHHKOB yrsepoa HW BATAMHHOB ('). 

J\iA BbIpaulMBaHHA OakTepHii HCMNOAL30BaIaCb MOJMHUMpOBaHHaA MMHe- 
paibHad cpela BaH Huna (KeHPOs 0,1 %; MgCl, 0,02%; NaCl 0,2%; 
NHaCl 0,1%; NasS0,05—0,3 %;NaHCOs 0,5%) c mMukpodvieMeHTaMu, yKa3aH- 
HbIMH B paOoTe Larsen (’). Cpeqa roToBHlacb Ha JMCTHJWIMpOBaHHOH Bose. 
B ombitax pa3IM4Hble KOMMOHEHTHI CpesbI, a wMeHHO NaHaCl, NaHCOs unu Navas, 
3aMCHAMCh AMMHOKMCIOTaMH. C moMouLbIO ocopHou KucoTH H NaOH ucxog- 
Had KMCOTHOCTh Cpedbl WoBoLNach Wo pH 8,0. KynbtTuBupoBanue OaKTepHit 
IIpOH3BOAMMOCh BO (plaKOHaX C TIpHTepTbIMH MpOOKaMH, WeIMKOM 3aOJIHABLIMX- 
CA Cpelow; (PNaKOHbI BbICTABIANMCb B JIOMHMHOCTaT C TemnepatypoH 28—30°. 
Ilo xoly pasBuTua GaKTepuii IIPOBOAWIHCh CeLyIoulve an aJIM3bl: AMMHOKUCJOTHI 
ONpelelaHcb IyTeM XpoMatorpadupoBaHua Ha OyMare H NO KOJOpHMeTpHye- 
CKOMy MeTojly Yermm u Coccing (11), COz — MaHomeTpvueckH B mpHOope Xou- 
qena, H2S — fioxometpuueckum cmoco6om, HeSOs — kKosopyMetpHueckH moc- 
Je peak c BaCle, NHs — audeby3HoHHbIM MeTOJOM, KOJHMUYeCTBO KIeTOK 6aK- 
TepHlt PaCCuMTHIBaOCh TO HetbeIOMeTpHueCKOM KPHBOI. . 

JIA USYYEHHA BOSMOXHOCTH HCHOIb3OBAHUA AMMHOKHCOT B KayecTBe HCTOU- 
HMKOB a30Ta M yrulepoa MpoBo_Mioch KyJbTHBApoBaHHe Rh. palustris Ha 
cpele, B kKoTopoH NHaCl u NaHCOs 3amenasucb pa3HuHbIMH aMHHOKMCOTaMu 
B KOHUeHTpaun 0,05%. TIpeqBaputenbHo OblIO ycTaHOBJeHO, YTO WOOaBseHHe 
TaKUX KOJIMYCCTB AMMHOKHCJIOT K MOJIHOWeCHHOH MMHepaJbHOH cpefle He BbI3bI- 
218 


BaeT 3aJepKKH pasBuTHA OaKTepwit. [locKoJlbky B MpHcyTCTBHH HeKOTOpHIX 
AMMHOKHCIOT HaOMOLaICA ABTONIM3 KJeTOK, OMbIThI CHMM@JIMCh paHbilie, 4eM 
oOptuHo,— yepes 8 AHel. Kak BugHo v3 Tab. 1, 43 25 ucnbITaHHbIxX AaMMHOKHC- 
oT kyibtypa Rh. palustris syume Bcero ucnombs0Baia acnaparuHoByl0 KMCJO- 
Ty uM cepHH. BovbiliMHcTBO Apyrux aMHHOKHCAOT MoTpeOoBanoch B 3HAYHTebHO 
MeCHbIUMX KOJIMYECTBAX M HE MOrIO OOeCIeYHTb HOPMAJIbHOFO pasBUTUA OakTepHil. 


Tao wire a 


Hcnoub30BaHne aMHHOKUMCJIOT B KavyecTBe HCTOUHHKOB a30Ta HM yrulepoga pacTyuluMu 
kymbTypamu Rhodopseudomonas palustris 


Koanuecr- | Llorpe6menue Konuuecr-| Tlorpe61enue 
Amunokuewiota BO OGakte- | 4MHHOKHCJOT, AMuHOKHCHIOTa BO 6aKTe- | 4A2MHHOKHCJOT, 
(0,05%) - putt, mr N amuno- (0,05%) puit, mr N amuuo- 
Muti /Mat KHCJIOT Ha Msi /Mt KHCIOT Ha 
100 Ma cpeppt 100 Ma cpeybI 
L-acnaparuHoBasa DL-yutpyanun 16 0; 22 
KucuoTa 86 3,28 DL-raoramun ni4 0,12 
DL-acnaparunopasn DL-BaauH 12, He norp.* 
KMCJIOTAa 110 4,26 L-rucTuquu 18 » » 
L-cepuu 48 1,00 DL-ns0nehnnH 20 » » 
DL-cepuu 19 0,54 DL-tpeonnu 24 » » 
L-raroTaMuHoBaa 26 0,50 DL-meTuoHuH 21 » » 
KHCJIOTAa DL-HopsmenuHH 12 » » 
L-acnaparuu 28 0,38 DL-HopBaauH 20 » » 
L-Tupo3HH 28 0,28 L-rpuntodar 14 » » 
DL-ananuH 24 0,22 DL-au3uH 12 » » 
L-uuctTuu 29 0,25 L-aprunun 14 » » 
DL-opuHutTun 19 0,22 DL-cenusananun 12 » » 
T1ukoKkou 14 0,22 KouTpouib — cpefa 
DL-nenmun 16 0,28 c NH,Cl u NaHCO; Ba » » 


* Tlpw BBefeHHH B cpefy B 10 — 20 pas mMeHbIIMXx KOuYecTB (0,005 — 0,0025%) ymaetca O6Hapy2xKuTh 
moTpeOsIeHHe H HeEKOTOPbIX H3 9THX AMHHOKHCOT, HO OHO OeHb HeEOOMbMOe H HE MOKET YMOBJETBOPUTh 
NOTpeOHOCTH OpraHH3Ma B yrslepofe u asore. 


AcnaparuHoBad KMCJOTa xoOpoulo noTpeOislacb Kak B BAe NpHposHoro 
w30Mepa, Tak HM pallemMaTa. BakTepHH CnOCOOHbI MepeHOCHTb BbICOKHe KOHILeHT- 
palluu STOH AMMHOKHCJIOTHI, B ee MpHCyTCTBHH He HaGwlOaeTCA pes3KHUX W3MeHe- 

HM MOpconorHM KeTOK WIM paHHero aBTomu3a. Ilostomy nosxpoOuee usyua- 
J1OCb HCHOMb30BaHve NypiypHbIMH OakTepHAMH aCilaparMHOBOM KMCJOTEL. 

Ilpu BBegenun 0,1% acnaparMHOBOM KHCJIOTHI B KaveCTBe MCTOUHMKA a30Ta 
B cpegy c 0,5.% NaHCOs u 0,3% NaeS na6mofxanoch xopomee pasBuTve OakTe- 
pHi — Jyuule, uem Ha MuHepambHON cpegze c NHaCl, NaHCOs u NaoS. Ila- 
paJueIbHO YBEMYeEHMIO KOJIMYECTBA KJIeETOK WV10 oTpeOseHue COz2, H2S, acnapa- 
THHOBOM KHCJOTHI HM Mpoucxosuso O6pa3s0Banue cyJbpatos (puc. la). Kpome 
Toro, B Cpeje OOHapyxuBanuch crleqbl NH;.[loapesxenve B KOHIe ONbITa OaaH- 
€a 10 yrulepoxy noKa3auo, 4TO B KJIeTKaX COMepxKATCA MOUTH B Tp pasa Ooupue 
yruiepofa (204 mr), vem B MoTpe6meHHOM yruieKucuoTe (77 mr). Orciofla culefo- 
-BaulO, 4¥TO Jlaxke Ip HamMunM B cpese COz lypMypHble OakTepHu UCMOb3y1OT 
actlaparuHOByl0 KMCJIOTY MO JIMHHMH He TOJIbKO a30THOrO, HO M yrvlepofHoro 00- 
Mena. 

Uro6bl orpaHvuuTh (oToOaccHMMIALHIO YIVIEKMCJOTbI, CBASaHHYy!O C OKHCJe- 
-HHeM CepycojlepxKaulux CoeIMHEHWM, HCXOJHOe KOJIMYeECTBO CyJbdua B cpeze 
ObIIO YMeHbINeHO (puc.16). BakTepua Xopoulo pasOuBaJiMcb HM B TaKHX YCJOBUAX, 
HO HaOsloqaiuch ToTpeOleHve OO/IbUIMX KOJIMYeCTB ACMaparMHOBOH KUCJOTH Hi 
MHaad JunamuKa COz, em B Mpebiflyimem onbite. Oka3a0cb, 4TO Ip HeOOuIb- 
/WIMX HCXOMHbIX KOHUeCHTpaluax cysbpua yOblb COz HMeeT MecTO NpakTHyeCcKH 

_TObKO AO TOFO MOMeHTA MOKA B cpese elle CCTh OKUCJIAEMbIE COCAMHEHMA Cepbt. 
OjHako MomHbit nepeBol Ux B cyJbiPaTbl He JIMMUTHPyeT pasBUTHA OaKTepuit 
| Wlyulero c 3TOrO MOMeHTAa 3a CUeET MHTCHCHBHOPO MCMOML3OBaHMA actap arnHoBoM 
_ KucuioTbl. Tlorpe6meHve actiaparHHOBOH KUCJOTbI COMNpOBOwLaeTcA BbIe/IeHHeM 


219 
; 


COs B KomuuectBe 20! 6 mMon/n. JLanuble, mpescTaBseHuble Ha puc. la u 6, oTM- 
yaloTcA Tipexjye Bcero MO XapakTepy M3MeHeHMA COfepxHaHHA YTVIeKUCIOTHL 
B cpejle: B MepBOM Cly4ae KOyIMYeCTBO ee TO XOMY pasBUTHA OakTepHli Bce BpeMA 
yMeHbulaeTea, a BO BTOpoM yObiuIb COz HaOsOaeTcA TONbKO B NepBble HU, 
a 3aTeM HacTylaeT MepesioM MH KojMuecTBO COz B cpefle HauHHaeT BO3SpacTaTb. 
Onnako ecu 10 JaHHbIM, MpefcTaBeHHbIM Ha plc. 1, paccuvTaTb oTHOMIeHHe 
oOpasoBaBIIMXcA CyIbpaTOB K MoTpeOeHHOM yrueKUCMOTe, TO OHO OKasbIBaeTCA 
ropa3o Sowlee BBICOKMM, YeM IIpM pasBUTHH OakTepH Ha MUHepasbHOH cpese 


MMON/A 


I MAH/MN MMON/N MAH/MN 
| LaoHo 4200 — tasr0 200 
=) cS: 
"28 8 160 348 160 
S 
S256 120 & x 
Sg & § 
= 26-4 60 * S 
ah 3 8 
Suz 40 8 = 
g 8 S 
$2010 08 x 
S  mmon/n 3 MAH/MIS mayan 
S 08 160% 
3 rs Ss 
a 
ae 120 § 1202 
S 4 80 0 
S 
ae? 40 40 

: 5 0 0 
g 4 8  W 16  2Ocymor 0 4, BSI. 1G 20 chcyrTon 


Puce. 1. Mcnoub3s0panve aCnaparHHoBoi KHCJOTbI TypMypHbIMH OakTepHaAMH Rhodopseudomo- 

nas palustris Ha pa31MuHBIX cpenax. a — 0,5% NaHCOs, 0,3% NaeS 4 0,1% acraparHHOBOM Ku- 

cotE; 6 —0,5% NaHCOs, 0,07% NaS u 0,1% acnaparuuoBol KucsoTE; 6 — 0,07%1Na2S 

H 0,1% acnaparHHoBol KHCJOTHI (cmeqbI CO2 He ymaaauch); 2 — 0,07% NasS 4 0,1% acnapa- 

rHHOBOM KHCAOTEI. / — acnaparMHoBaa KucuoTa, 2 — COs, 3 — uucno GakTepuli, 4 — aMmo- 
HMEHEI azoT, 5 — HoS, 6 — HeSOa* 


c NHaCl, NaHCOs u NaoS, no 6e3 amuHoKucuioTE. MoxkHOo AyMaTb, 4TO yBeIH- 
yeHHe yKa3aHHOrO OTHOMIeHHA OG6YCIOBCHO JOMOIHUTeIbHBIM OOpas0BaHveM 
cylbaToB lp doToBoccTaHoBeHuun CO2, BbIJeNMBINelicA H3 actaparvHOBOH 
KHCJIOTBI (BbIZemeHHe COz oco6eHHO XOpolio BUAHO Mo faHHbim puc. 16). Ilo-Bu- 
IMMOMY, TaKOi CMoco6 BKIIONeHHA yrepofa actaparHHOBOH KHCOTbI Hel AB- 
JIA€TCH €QMHCTBEHHBIM, TaK KaK 3aMeTHOe yBeJIMYeHHe KOJIMYeECTBA KJIeTOK 
MMe€eT MeCTO HM Toce NOMHOrTO OKHCeHUA cymbdUaa Mo HeSO. (puc. 16). 

IIpu uckoueHHM 43 cpefEI, Kpome NHaCl, 6uKapG6ouata, T. e. B YCJIOBMAX, 
Kora aciaparMHOBaA KHCIOTa BBOLMaCcb B Cpely B KaveCTBe HCTOUHHKA MU a30- 
Ta, MW yrlepoa, OblIM NOJYYeHbI pe3yJIbTaTbI, OUCHb CXOMHbIC C MpeCTAaBJIeHHbI- 
MM Ha pc. 16. OueBUAHO, YIIeEKHCOTHI, pacTBOpsAIOMlelicA BCpeax M3 BOsAyxa, 
ObIIO JOCTATOUHO, YTOGLI OGecMeyHTh TY HeOO/bLUIyIO MOTPeOHOCTA B CO2z, KOTO- 
pad HaOwlOaeTcaA B NepBoe BpeMA pasBUTHA OaKTepuii (puc. | @). 

B ambHehiiem Opi MpMHATbI Mepbl WIA MoHOTO yWaeHuA yrvieKUCJIOTHI 
M3 cpefl M MHOKyJATAa. OTO JocTurasocbh OTIEHTPHyrOBbIBaHHeM H OTMbIBAHHeM 
TOC€BHOFO MaTepHala B CTepWIbHOM Boe 6e3 COz H HCIOIb3OBaHHeM cpejl Cpasy 
mocyle ABTOKIaBApoBaHuA. Pasputue Rh. palustris Ha6ofalocb H B TOM Cily4ae, 
HO OHO ObluIO pacTAHyTOe, Ooee caGoe, YeM Ha TeX 2Ke cpesax, HO JOMOIHeH- 
HBIX HeOOJIbIIMMM KoMYecTBamH COez (puc. le). Tlorpe6menve acriaparuHoBol 
KUCJIOTbI CONPOBOKAAIOCh HAKOMVICHHeEM B Cpefe YIVIEKHCIOTHI H AaMMOHKMHOTO: 
asora. 

Bo Bcex BapwaHTax OMBITOB C acnaparMHOBOH KUCOTOH ObIm0 OOHapyxKeHO 
BbijeneHHe NHs, oco6eHHo 3aMeTHOe B 3peJIBIX KYyJIbTypax, B KOTOPbIX CKO- 
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pocTb Mpupocta OaktTepuit yxe cuuxKeHa. Kpome Toro, B KYJIbTYpambHOH %*KUKO- 
CTH OOHAPyXUBANOCh HEOOMLUOe KOMYECTBO JeTYYMX KHCJIOT. 

[]pu mowHOM MCKOYeHHH U3 cpefbl cya 3aMeTHOrO MoTpeOleHuA ac- 
WaprMHOBOM KUCJOTHI M pasBUTHA OakTepHii He HaGMOMaocp. 

B 3akmouenve Obi MpOBeeHbI OMbITbI C OTMBITHIMH CYCIIeHSHAMHM KsleTOK 
Rh. palustris no meroquKe, onucaHHoii y Coleman (*). AcnaparuHopas KucuoTa 
pa3aramacb OCBeENILeHHbIMH CycreH3suamu Rh. palustris c BpreneHvem COz u NHs. 

Takum oOpasom, B HacTosileli paboTe moKa3aHO, YTO CMoOcOOHHIe K (boToOaB- 
TOTPOPHOMY pasBUTHMIO NypilypHbie GaxTepuu Rhodopseudomonas palustris mMoryT 
MCHOIb3OBaTb HEKOTOPble aMMHOKUCIOTHI. Jlyumiee pasBuTHe OaKkTepHii HaGvIO- 
' Jlaiocb B MpHcyTCTBMH acilaparMHOBOH KuCIOTHI. BpiicHeHO, 4TO 3Ta AMHHO- 
KUCIOTAa ABIAeTCA WIA Rh. palustris xopoutMm HcTOUHMKOM M a30Ta, HM yrueposa. 
Visyuenupie Mypiypuble OakTepuu ciocoOHbl pacTH Ha cpesle, cosepxxKauiell, 
‘ KpOM€ MHMHepaJIbHbIX COJIeH, TOJbKO aciaparMHoOBy!o KMcNoTy. Onako lA 
HOpMa@IbHOro pasBuTMa Rh. palustris oKa3aiocb HeOOXOAMMbIM HamMuve 
B cpeyle HEOOJbWIMX KOJM4eECTB yrvIeKHCIOTH. PasnowKeHNe actaparMHOBO KNC- 
JIOTbI KaK PpaCTYIMMM KYJIbTypaMH, Tak H OTMBITHIMH cycrien3HamuH Rh. palustris 
CONpOBOxKLaeTca BbIeseHHem CO, u NHs3. 

ABTop BbIpaxkaeT ryOokyro OnarofapHocts akay B. H. MWanonmuKkosy 3a 
PyKOBoJcTBO paOotol uw E. H. Kouyparnesoli 3a mpeocraBseHHe YHCTOM KyJIb- 
Typb! OakTepui. 


Mockosckuii TocyapcTBeHHBIt yHUBepCcuTer Tlocrynuao 
um. M, B. Jlomonocosa 20 VI 1960 
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Jlokxagnm Axkagqemun nayr CCCP 
1961. Tom 136, Ne 4 


BHO®H3SHKA 


A. JI. WABAJAI, T. WH. 3EJIAKHHA uw H. A. ATPAYUEBA 


WMTOXUMVUYECKHE PEAKIMK PHBOHYK JIEONPOTEN OB 
MUTOXOH]APHM UW THFPOWAA HEPBHbIX KJIETOK 
B NEPBbIE MHHYTbI MOCJIE TAMMA-OBJIY4YEHHA 


(ITpedcmaeaexo axademuxom JI. C. Ilmepx 25 VII 1260) 


B psye Hallux pa6oT ycTaHOBJeHO, 4TO B HeEpBHOM CHCTeMe MJICKONMTAalO- 
WHX yoxKe ciycTa 30 MMH. noCce OMHOKpaTHOTO Y-OO/yYeHHA BOSHHKAIOT 3Ha- 
YHTeCJIbHbIe THCTOXHMMYeCKHE H3MCHEHHA, COMPOBOKMaOulwecA CyleCTBeHHbI- 
MH HapylIeHHAMM MOporoB pasqpaxuMmocTH HelipoHos (*-*); OOHapyxKeHHbIe 
HaMU (pakTbl CBUCTEJIbCTBOBAJIH O BbICOKOH BOCIIPHHM4YHBOCTH KJIeTOK IeHTpaJib- 
HOM HeEPBHOM CHCTeMBI, BOMPeKH HEKPHTHYeCKH MOBTOpAeMOMy TesHCy O HeUYB- 
CTBHTEIbHOCTH 3peOi HepBHOH TKaHM K MIpOHMKalOllMM usiyyeHuaM. OHO- 
BpemenHo, B 1959 r., ony61MKOBaH pa cusHOMOrMYeCKUX MCCesOBAaHUH 
(2) Womb). B KOTOPEIX yOeMUTEHO OKa3bIBaeTCA TOpaxkaeMOCTb ne E oe 
CHCTeMbI HOHM3Upylomlen pauauelt. 


Pasmeppl cypura u.9.T. B PHI] opraHouvgqoB HepBHb 


Bpema nocae o61yueHua 


Tum cTpyKTyppi 


1 MuH. 5 MHH. 10 MHH. 12 MHH. 
MUTOXOHAPHH KsIeTOK raHraAuA A058) 1,2 1,4 1,0 
(1,4—0,5) (1,4—1,0) (1,1) (1,2) 
Mutoxougzpuu IV coon Kopi 0,6 0,6—0,8 0,8 , 
0,8 
Murtoxongzpun II] cnoa Kopnt ae 0,6 0,6 0,8 
0,4) 
MurToxoHapun MOTOHeEHpOHOB cnuHHOTO Me 0,4 0,4 0,2 
mosra (0,2—0,6) (0,2) (0,2—-0,6) (0—0,4) 
Turpoug KmeroK raHraua 0,5 0,6 0,6 0,4 
(0,4—0,8) (0,8) (0,8) (0,6) 
Turpoug IV canon Kopp Hopma Hopma 0,3 0,5 
0,2 (0,3) 
Turpong Ill cnoa Kop A eee Hopma Hopma 0,5 
(0,3) 
Turpoug MoTOHelipoHOB KaeTOK cnHA- 0,8—0,25 0,4 0,4 0,4 
HOrTO MO3sra (0O—0,4) 2 (0 ,2—0,6) (0,2—0, 6) 


IIpojomkasa aHamus pou ILCHTPabHOH HepBHOH CHCTeMbl B BO3HHKHOBe- 
HMM HM pasBepTbIBAaHHH «IYYeBOH peaKIMM» y BbICIIMX MO3BOHOUHBIX, HM OCcOOeH- 
HO Y MJICKOMMTAIOu\HX, MbI CYHTAIM HeEOOXOAMMBIM BbIACHeHHe KpaTuaHINUX 
CpOKOB OOHapyxXeHHA CbH3HKO-XUMMYeECKUX HapyieHHll CTpyKTyp HelpouHos, 
PerucTpHpyeMbIX HaiumM meToqoM. VcceqopanHe M303eKTPHYeCKUX TOUEK 
(4. 9. T.) puOonykueonpoteugzos (PHI) B opranouslax HepBHOH KsleTKH B Tep- 
Bble MMHYyTHI (oT | Zo 30 MMH.) nNOKa3as0, 4YTO TIyOOKHe H3MeHeHHA HEPBHbIX 
SJIEMCHTOB IIPe€ACTABAAIOT COOOIO HE MpocTO paHHHe Mmporweccbl, HO H MOryT 
PaclCHHBaTbCA, MO CpaBHeHHIO C OMHCaHHbIMH B JIMTepaType Mpv3sHakaMM M0- 
PaxKeHHA KJI€TOK KPOBeTBOPHbIX OpraHoOB*, KaK CBepxXpaHHHe OvosorMueckue 
MpOmleccbl, K TOMY %Ke TOUHO MOKaHU3yeMble B KOHKPeTHBIX CTPpyKTypax. 


* UYBCTBUTeIbHOCTh HX CUHTAeTCA 3TAIOHOM PeaKTHBHOCTH K MpOHHKaloulHM H3JyyeHHam — 


Y UO3BOHOUHBIX KHBOTHBIX. 
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Pa6ota nposefena Ha OenbIx KpbIcax — camiax Becom 185—200 r, B ycuio- 
BUAX, ONMMCaHHbIX B COOOMeHHH (7), C eHHCTBeHHBIM OTHYMeM MOLLHOCTH 
y-o61yuenna(100 r/muH.); QauTenbHocTh o6yueHuA AIA 2o3bI B 1000 r 6piza 
10 mun. (B npesbityuinx onpitTax 6—6,5 MMH.); H3MeHeHHA U. 9. T. YUHTHIBA- 
JIMCb MO CTeMeHH H3OupaTebHOH COpOMMH KaTHOHHOTO KpacuTeia (XHMMUeCKH 
YHCTOFO Me€THJIEHOBOFO CHHeroO) B 3aBHCuMOCTH OT pH cpespi (cm. (°, ?)). Han6o- 
Jiee PpaHHWe W3MeHeEHUA COCTOAHHH HePBHBIX KJI€TOK MpOABJIAIOTCA B CABUre 
M. 9. T. UX PHII, Bxogxamux B cocTaB MHTOXOHApH U rabi6oK TUrponsa, B Ie- 
JIOWHOM HalpaBJieHHH (cp. (7, *)). DeHomeH caBUra H. 9. T. HMeeT YETKOe KOVIH- 
yeCTBeHHOe BbIpaxkeHve 0 wiKale pH; on oTOOpaxkaeT Kak yOblIb (HIM MIpH- 
pocT) OMpeeIeHHEIX BeNleCTB B MHUEIJIAPHOM CHMIVIeKCe, TaK WH BpeMeHHy10 
nleperpyNiiHpOBKy KOMIOHEHTOB, Pa3pbIB CBA3eH H BOSHHKHOBCHHE HOBBbIX B3a- 
MMOOTHOWMeHHH YyUYaCTHHKOB CHMIMIeKcCa; KaK CJIeCTBHe (bH3HKO-XHMHYeCKHX 
M3MeCHCHHH «IpOPHIA» CHMIVJICKCa BOSHHKalOT HHbI€ YCIOBUA B3aHMOelcTBUA 
@epMeHTOB HW CyOcTpaTOB, OCOOeHHO B MHTOXOHAPHAX, MpHyeM 93JIEKTPO-KO.I- 
NOMA bHad XapakTepucTuKa PHI] cynyecTBenHo BIMAeT Ha TeYeH He MHOFOOOpas- 
HbIX OMOMOrHMYeCKUX MpormeccoB (cp. (7°, 1)). . 

KovimuecTBeHHble H3MeHeHHA HW. 9. T. B MHTOXOHAPHAX UM rablOKax Turpousa 
Pa3JIMUHEIX KAaTeropuit HeHpOHOB, HCC/IeMOBAaHHble HAMM B MHHYTHbIX WHTepBa- 
Jax MepBoro waca, CYMMHpoBaHbI (Kak HU B paboTe (7)) B Ta6u. 1. 

Kak cBuyeteipcTByeT Ta. 1, HaMOovlee peskue CUBHIH H. 9. T. XapakTepH- 
3YIOT H3Me€HEHHA MHTOXOHApHl addepeHTHbIX TaHTJIMO3HBbIX KJIETOK; yxKe cmy- 
cTa 1 Mu. mocme OkKOHYUAHUHA OOy4YeHHA (KOTOpOe AaH0Ccb 10 MuH.) CMelleHHe 
Mu. 9. T. RocTuraet 0,9—1,0 no mkane pH; ono Hapactaet k 5 muH. Jo 1,2 egn- 

Huub, a K 10 mun.— go 1,4; k 12 mun. oTmMeuaeTCA TeHTeCHIHA K CHHKeEHHIO 
KOJIMYeCTBEHHBIX MOKAasaTeeH, KOTOPad oTYeTIMBa Ha 17 Muu. (0,5), H Ha mpo- 
TaxkeHuu OT 30 Zo 60 mMuH. caBUr cooTBeTcTByeT 0,8—O0,6. AHanorMuHBi 3Ha- 

Ta6auna 1 
KNeTOK Mocre O6nyueHuA (B CNMHMWax WKaE pH) 


17 MuH. | 30 MHH. | 40 MuH. 50 MuH. 60 mui. 
0,5 0,8 0,8 0,5 0,6 
(0,83—0,6) (0,6—1,2—1,4) . (0,6—1,0) (0,4—0,6) (0.5—0,8) 
1,0 1,0 6,0 0,8 0,9 
(4,2) (1,2) (0,6) (0,6—1,0) 
0,9 0,8 0,8 0,6 0,7 
(0,8—1,0) (0,6) (0,6) (0,4—0,8) (0,4; 1,0) 
5 0,5 0.5 Hopma Hopma 
(0—0, 4) (0,2—0,7) (0,6; —0,5, B Kuen. 
cTop.) 
Hopma 0,6—0,7 0,4 Hopma bs anti?) 
(0,8—1,0) (0,2—0,6) (+0,3;— 0,8, (0—0, 4) 
EB KHCJ. CTOp.) 
0,3 0,5 0,5 0,4 0,2 
(0,4) (0,3) (0O—0,3) (0—0,5) 
0,3 0,5 0,5 Hopma 0,2 
(0,4) (0,3) (0,3) (0—0,5) 
0,2 fe 0, Hopma Hopma 
(0O—0,4) (0,2—0,6) (0,4—0,8) (+0,4; —0,2, B KuCca. 
cTop.) 


YHTeCIbHbIA CUBUF U. 8. T. XAPakTepu3yeT H3MeHeHUA PHI] MutoxonsApuu KeToOK 
IV cmos Kopbl Nomymapui (TemMeHHOM OGacTH): OH HapacTaeT HECKOJIbKO Me]- 
jieHHelH wu cnycta 1 mun. coctapaset 0,6 equHuub, yepes 5 mux. 0,6 u 0,8, 
yepe3 10 mux. 0,8, a or 12 no 40 mun. 1,0; B JambHelitem cyBur COXpaHaercr 
B mipeqetax 0,8—O,9 eqMHUUbI WIKaibl. XapakTepHCTHKa CMeILeHHH H. 9. T. 
B Pa3JIM4HbIX OpraHousax UM THMaxX HeHpOHOB Ha MpOTAKeHHH NepBoro waca 

mpescTapsena rpacduyecku Ha puc. |. 
| HeoGxoqumo noquepKHYyTb, 4TO MOp@OJIOrHA KJIeTOK B WeJIOM, KaK M cpopma 
M pa3Mepbl MHTOXOHApHi uM Turpouya He OOHAPYXUBAIOT HHKAKUX OTKJOHEHUH 
OT HOPMBI: HeT HH HaOyXaHUA, HU CMOpI\MBaHMA, HM (parMenTauMu, HU Apy- 
THX KaKHX-1H60 IpH3HaKOB MaTOJOrMyeCKUxX M3MeHeHHM (XOTA Obl HM CaMbIX 
‘HaWaJIbHBIX); HaJIMWO JIMUIb HapylieHHA CH3HKO-XHMHYeCCKHX IIPH3HaKOB CO- 
ctosHua PHII, npuuem focturaroujve BecbMa 3HAaYHTeIbHOH BeJIMUHHDI (B abco- 
Zao 


JNOTHBIX 3HAYCHHAX QuIeKTpOsapsAgZoB). KouTpacT mopdosoruyecKoH coxpaH- 
HOCTH CTPYKTyp Ha (OHE CYIMI€CTBCHHBIX OTKJIOHEHHH 93JI€KTPO-KOJIJOUAHBIX 
noka3aTeeli BeIHK; CJIeOBATebHO, WHTOXHMHA OTOOpaKaeT yHKIMOHAJIb- 
HbIe OHOpu3sHUeCKNe USMCHEHHA, MpoOTeKaloulMe Oe3 ABHLIX HapylIeHHH MUKpO- 
CKOMMYeCKOM CTPyKTYPpbl, T. €. MpesWecTBytoulHe HM. 

KoukpeTHoe OOHapy2KeHHe H3MeHeHHH C)H3HKO-XHMHYeCKHX CBOHCTB PHII 
MUTOXOHApHli HM THrpoHa, KOTOpple HamHoro (B cyTKax!) onepexaloT oOmle- 
W3BeCTHBI€ ILMTOMATOJOrMYeCKHe MpW3HaKH Pe€aKTHBHOCTH KwIeTOK, yOexyaer, 
YTO COBPeMeCHHbI€ MeTOLbI 
THCTOXHMHH ~—s TIpHoHbI 
Tid OOHAPy2KeHHA yHK- 
I[HOHAJIbHBIX H3MeHeCHHH 
HeHpOHOB OYKBaJIbHO B 
TlepBble MUHYTbI mocwe 
OKOHYAHHA BO3eHCTBHH; 
TaKOB MepBbIH OOULMH BBI- 
BOX, CYMMHpyIoulHH pe- 
3YJIbTAaTbI IIpeMUIecTBy10- 
IHX Hallux HadmoqeHHi 
M faHHOH cepHH 9KcTe- 
PHMeHTOB. 


CBUJeTeIbCTBYIOT O TOM, 
4TO Hapswy c OOMlMMu 
IIpH3HakaMH BHJOM3MeHe- 
Huu PHI cymectsBywT u 
OOH AP y2KUBAIOTCA JIOKAaJIb- 
1510 20 30 40 Somn 1510 20 30 40 SOmun bile OCOOCHHOCTH, CBOHCT- 


uD 3 BeHHbIe CHMIIWIEKCAM Pd3- 
Puce. 1. Cupur T PHI mutoxongpuit (/) u Tarpowqa(2)B  pyupprx OpraHOHLOB Oj- 
pasnble CpOKH moculIe OOyueHHA (B eAHHMWAX uIKalbl pH): & = 
@ — B HepBHEIX KJleTKaX CNHHHOMOsroBoro raHraua; 6 —p HOM M TOM 2K KJICTKM, a 
BHPaTeIbHbIX KJIeTKAX CHHHHOTO MoO3ra; 6—B KileTKax TaKHKC OJFHOMMCHHbBIM Op- 
]V clos TeMeHHOH OOMaCTH KOpbI TOJIOBHOrO MO3ra; 2@ — BKeT- TAaHOHTaM B pa3JIMUHBIX 

Kax II] cmos TeMeHHOH O6acTH KOpbI TOOBHOTO Mo3sra THMaX HelpOHOB; 9TH OCO- 


O6eHHOCTH OTOOpPaxKeHBI: 
a) BHHTepBaslaxX BpeMeHH, JOCTATOUHBIX JIA BOSHAKHOBCHHA CABHIOB H. 9. T.; 
6) B KOJIMYeCTBEHHOM HOKa3aTese H3MCHEHHH; B) B JWIMTeJbHOCTH CYULeCTBOBa- 
HHA BHJOW3MeHEHHbIX COOTHOMICHHH KUCJIbIX HW ML@JIOUHLIX BaJleHTHOCTeH. Hyx- 
HO JlyMaTb, 4YTO STH MpH3HAKH B H3BeCTHOH Mepe XapakTepH3yIoT OMOMOrHye- 
cKoe CBOeOOpasHe pasJIMYHbIX KaTerOpHH HeHPOHOB H HX OpraHOuOB. 

Tax, PHII yuacrsytoTt B cTpykType MMTOXOHApHH MW THrpowfa Karon 
HeEPBHOH KJIeTKH, MPH4YeM CBOHCTBEHHbIe HM B HOPME 4H. 9. T., KaK OblJIO yCTaHOB- 
JIGHO HaMH, ¥eTKO pasmHuHbl (17, °, 1°), CoBuru H. 9. T. B MepBble MHHYTHI Nocse 
OOYYeHHA OKAa3aIMCb B OOOUX OpraHOHax HeOMMHAKOBbIMH, YTO MOJIHOCTbIO 
COOTBETCTBYeT pe3yJIbTATaM TIpexKHUX HawINx onbiToB: PHI] mutroxonyzpu — 
M B HepBylO OYepedb adcbepeHTHBIX (raHrIMO3HbIX) KeTOK H IV cuIOA KOpbI MO- 
Jyuapuit — oOHapyKuBaloT cpasy oce OOyYeHHA pe3KH HU 3HAYHTeJIbDHBIM 
COBUr H. 9. T., COXPAHAIOMIHHCA B TeUeHHe JJIHTeEIbHOTO CpOKa; B TO Ke BpeMsA 
3JIEKTPO-KOMONAaIbHbIe CBoHcTBa PHI] TurpouqHplx Tvbl6oK TeX %*Ke KJIeTOK 
H3MeHAIOTCA TOpasqO MeHbINe; MHHHMA@JIbHbIe H3MeHCHHA HU. 9. T. THrpousa 
MM€IOT MeCTO B MOTOHEHpOHaX CMHHHOrO mMo3ra, rye OHM ObIcTpee BCerO HOpMa- 
JM3y1IoTcsA. CyleqoBaTembHo, yuacTue PHI] B kaxkoit-mu6o0 cTpyKType eile He 
onpefeaeT MacIuTa6a MH BPeMeHH peaH3allHH CABMTOB H. 9. T.; pellaloluluM 
ABJIAIOTCH COBOKYNHbIe OCOOCHHOCTH JaHHOTO CHMMJIeKCa, HeOMMHAKOBbIe MIA 
MHTOXOHJpHH, C OHO CTOPOHHI, M ribI6OK THrpousa—c Apyrol. B To xe BpeMaA 
WH. 9. T., XAPaKTepHaA IA JaHHOH CTPyKTYpbl B HOPMe, MOKET CJIYKUTb HH- 
AKCOM UYBCTBUTeEJIbHOCTH K HOHH3HPYIOULHM M3 yYeHHAM, KaK 93TO ODIO paHee 
yCTaHOBJeHO IA Aep W MHTOXOHAPHU KueTOK MeyeHH, CemeseHKH HT. HI. (7%). 
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Jlanee, Ta6. 1 uw puce. 1. 


En 


Buodusuyeckve u3meHeHia PHII, onucannpie BbIle, HeEOIMHAKOBEI B pas- 
JIMYHBIC HHTePBaJIbI BPeCMeHH Nocwe OOyueHUuA; puc. 1 cBuyeTeIHCTByeT O BOUI- 
HOOOpasHOH CMeHe HapacTaHusA M CHYKeHHA, IIPH4eM OLHOMMeHHbIe OPraHoUDl 
B Pa3JIM4HbIX THNAX HEMPOHOB MPOABIAIOT HEOLMHAKOBY!O peaKTMBHOCTS. B ma- 
pamMeTpax CpOKOB BO3HHKHOBCHHA MM BeMYMHE OTKJIOHEHHM HW. 9. T. MepBoe 
Me€CTO 3aHUMAIOT adpepeHTuHble (raHrvIMO3HbIe) KIeTKH, 3aTeM — KeTKH IV coa 
KOpbl MO3ra(TeMeHHad OGaCTb) M MOcHetHee — KeTKH MepeHUX poroB cnHH- 
Horo mosra. Takum oOpasom, AHHaMHueCKad CHeMMaIM3alMA KPYNHBIX pa3e0B 
WeHTPabHOH HEPBHOM CHCTeMbI HakJaqblBaeT CBOM OTMeEYaTOK Ha TepBoHayaJb- 

Able IMTOXUMMYECKHe CBOMCTBA HEPBHBIX KJIETOK; HHbIMH CIOBaMH, aHcamOvie- 
_ Bad «KOHCTeIALMA» MpcmocaOluBaeT, alanTHpyeT cbu3HKO-xuMMYeCKyIO, a 
CNCLOBATEMLHO MU (PYHKIMOHAaIbHY!O, OpraHW3allHiO KJIeTOUHBIX OpraHOHoB K 
MOTPeOHOCTAM BCeli CHCTeMbI B WEOM. OBOJIOMMOHHO OOpMHBIIMeCA WHTOXH- 
. MMYeCKHe MHJeKcbI (B WaHHOM culyyae PHIT) moryt ca1yxKuTb B HacTosmiee Bpe- 
MA AIA UCCEMOBATeNA «MaCNOPTHBIMMy TIpH3HaKaMHM [pHa e*KHOCTH K KOH- 
KpeTHOH KaTeropHH HelpOHoB. 

Uerkoe HapacTanue OnomorMuecKOH peak B MUTOXOHApHAX (H, KOHYe- 
CTBCHHO MeHbiliee, B THrpouse) B MepBble MHHYTbI MOCIe OKOHYaHHA OOmyye- 
HHA HW 3HadMTeJIbHLIM K STOMY MOMeHTY CJBUr H. 9. T. MO3BOIAIOT NpesBUseTh, 
4TO M3Me€HCHHA HaTMBHOrO cocTosxHHA PHII Bo3sHuKaloT B NepBble CeKyHJbI 
SKCHOSHIMM (Kora 03a ene Masa!) H MporpeccupyioT B TeyeHMe BCero cpoKa 
BO3J,eHCTBHA. 

Hakonell, HavaIbHble H83MCHCHHA H. 9. T. KJICTOUHLIX CTPYKTYP B IMeO4HOM 
HalpaBJICHHH JOJMKHbI, NO-BHAMMOMY, PaCIleHHBaTbCA He TOJIbKO KaK TepBax 
cba3a KeTOUHOrO oTBeTa (%), HO OJHOBpeMe€HHO H Kak CBOeOoOpa3Hoe MmposBse- 
HHe 3al\MTHbIX M€XaHH3MOB; 10 KpaHHeH Mepe, WIA JyYeBbIX TlopaxkeHHH 6o- 
Jee WeOuHOe 3HaYeHHe UH. 9. T. HYKMeOMpOTenJoB (B CUY KOMMIeKcauHu Cc 
KaTHOHUTaMM pa3JIHUHOH TpHpOAbl WIM B pesy/bTaTe BHYTPHMHLUeJIApHbIX 
TleperpyNMHpOBOK) NapasesIbHO OTHOCHTEIbHOM yCTOMYMBOCTH OOBEKTOB K IIpo- 
HUKalouluM H3uyueHHam (1%), 
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BHOXHMHA 


JI. C. ATPOCKHH, H. B. KOPOJIEB, H..C. KYJIAEB u H. A. MOMOWMHHKOBA 


O ®JIYOPECHEHUUH HYKJIEMHOBbIX KHCJIOT B PACTBOPE 


(IIpedcmaeaeno axademukom H. M. Cucakanom 20 VII 1960) 


B wawiem mpefbilyuem cooOmjenun (') 6bl0 MOKa3aHO, 4YTO CyxHe Mpenapa- 
Tbl HYKJICHHOBbIX KHCJIOT IpH HH3KOH TemmepaType OOMaatoT WIHpOKOM Now0- 
coli JHOMMHeCHeHUMH B OMKHEH ysbTpatvoseToBoH oOsacTu. Uro6pi ompe- 
JI@IUTb, HaCKOJIbKO HaOmMOJaBileecA CBeYeHHe CNeWHPYYGHO WIA HYKJICHHOBBIX 
KMCJIOT, CJIeMOBaIO CpaBHHTb MX CMeKTPbI BOZOyKAeCHHA HU MOroweHHuA. OpHa- 
KO YCJIOBHA SKCMe€PHMeHTA C MOPOMIKOOOpa3HbIMH BellleCTBAMM MCKsIOUaIH BO3- 
MOXKHOCTh NMOOOHEIX H3MepeHui. TlosToMy Mbl HCCJIeqOBAaIH CMeKTpaJbHble 
XapaKTepHCTHKM YKa3aHHbIX COeCIMHEHHH B pacTBopax. 

V3 padot (?,*) Oblm0 M3BeCTHO O CBEYCHHH COJIAHOKHCJILIX PaCTBOPOB CO- 
CTABJIAIONLUX HYKJICHHOBOH KUCJOTHI— afeHuHa wu ryaHHHa. [lonbitKa o6Ha- 
PYXUTb (byopecieHIMIO pacTBOpa caMOH HyKJIeMHOBOM KUCOTHI (*) He mpH- 
HeCJIa MOJIOMKUTEIbHIX Pe3YJIbTATOB, MO-BHAUMOMY, H3-3aca6oH HHTeHCHBHO- 
CTH cBeyeHHA. Pa3spa6oTaHHad HAMM YyCTaHOBKa MO3BOJIMIa PerHCTPpHpOBaTb. 
yJIbTpapuoueToBy1o cplyOpecileHILHI0 OObEKTOB C KBAaHTOBBbIM BbIXOJIOM MeHee 
1%. ITO a0 BO3MOXKHOCTh NOMYYNTh CHEKTPbI cryopecueHUHH HU BO3OyxKe- 
HHA HYKJICHHOBbIX KUCJIOT HW OTJeJIbHbIX OCHOBaHHH B pacTBope. 

Hi3mepeHuA CHeKTPOB BO3OyxKJeHHA CyOpecleHIMH MpOBOANIHCh pH KOM- 
HaTHOH TemnepaType B CrlellHaJIbHbIX MHKpOKloBeTax. CBeyenHe pervcTpupo- 
BaJIOCb B HallpaBJIeHHH BO3OyxKMalollero CBeTa, YTO B HALWIHX YCJIOBHAX OMbITA 
OblIO BOSMO?%KHO Oaroapx HU3KHM ONTHYeCKMM IIOTHOCTAM pacTBOpOB (oO 
0,2) M OTCYTCTBHIO AHTHCTOKCOBCKOM OGaCTH B CIeKTpax HCCJeqyeMbIx coeqH- 
HeHHH. YWcTouHHKOM BO36yxXTeHHA CHyKNIA pTyTHaA amma CBJI-120 A, nu- 
TaeMaA uepes (eppopesoHaHCHbI cTaOuH3aTOp HanpsaxeHusa. Jia BbIene- 
HHA MOHOXPOMATHYECKHX H3JIYYeHHH MpHMeHAJICA JBOHHOH 3epKaJIbHbIM MO- 
HOXPOMATOp C AMdpaKWMOHHBIMH pellleTKaMH, alouluh B padoueM CNeKTpaJb- 
HOM HHTepBasie He Gosee 0,00001% pacceaHHoro cBeTa. B KayecTBe BLIXOHOTO 
(PHJIbTpa, Cpesaiollero BO3OyxTaolului CBeT, HCMOMb30BaJICA TOHKUH (2 w) col 
JBYOKHCH THTaHa, HaHeCeHHbIM Ha 3a]Hee OKHO KIOBETHI H HMeIOWIMH KpyTy10 | 
rpaHuly mpomycKanua mpu 300 my. OntTuueckue JeTasu, yCTaHOBJICHHbIe CO 
CTOPOHbI BOSOYKICHHA, a TAKKE OKHA KIOBETHI ObIIM M3POTOBJICHLI H3 KpHCTaJ- | 
JIMYeCKOrO KBaplla, He OOaatoulero 3ameTHOH cbryopecuenuNel. I1pHemHuKom 
H3J1YYeHUA CYKU CYPbMAHO-lle3HeBbIM CPOTOYMHOXKUTeMb C YBHOJIEBLIM OKHOM | 
P-3, CHUrHaJl KOTOPpOrO YCHMBaJICA 2eKTPOMeTPHYeCKUM YCHIMTeIeEM MH M3Me-| 
PAJICA S3EPKaJIbHbIM TaJIbBaHOMeTpOM. IIpH M3MepeHHAX APKOCTb CBeYCHHA, 
pacTBopa WIA KaxKTOW LJIMHbI BOJIHbI MOMe€peMeHHO CpaBHUBaaCb C APKOCTbIO 
CBeyeHHA TOHKOTO ypaHOBOTO CTeKJIa, CJIYKMBINETO MPONMOPWMOHAIbHbIM CUeT- 
YHKOM (POTOHOB. 

CnekTpbl dryopecteHuMu, BO36yxKMaemol pTyTHO ammo J[PILN-100, cun- 
MaJIMCb 110 TOH xe cxeme. Ilepex doToyMHOmKUTeTeM Ob] yCTaHOBeH BTOpo 
MOHOXpoMaTop. 

Uccnenopanucbh culeqyioulve mpenaparsi. 

1, PHK uusKonosmmepnas (Pfanstiehl Chemical Co.). 
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2. PHK sbicokonomumepuas, NoJlyyeHHas-H3 MeKapCKHX Apoxxeli No MoLM- 
(pHILMpoBaHHomy MeToly Kep6u (°); xapakTepucTHKa npenapara: & (P)z60 (B cpoc- 
cparHom Oydepe (dp. 6.) 0,1 M, pH 7) = 8000, Reo = 0,61. 

3. JMHK nusKonowumMepHan (riposaxKHbit mpenapar). 

4. JHK sricoxonoumepubie: a) H3 THMyca € (P)260 (B @.'6. 0,1 M, pH 7) = 
= 6200, Reew=0,55 *; 6) u3 9puTpouHToB xKyp &(P)20 (B . 6. 0,1 M, 
pH 7) = 6000, Reo =0:56**; B) 43 3apombiel mulenunt ¢e (P)260 
(Bd. 6. 0,1 M, pH 7) = 6300, | 
ReEow = 0,56 *. I[penapatst mo- ed 

_aly4eubl 10 Metoaxy Kep6u c mpu- 
MeHeHHeM p-aMMHocauun ata 
(0,3 M) (°). 

5. HK-npotreuy u3 Tumyca, 

" TlOJIyYeHHBI To MeToy Kep6u (°)*. 

6. THK us tumyca (4a), wH- 

IeHHaA ILyPHHOBbIX OCHOBaHHH 10 

Metoty Tamma u gp. (*) (anypu- 

HOBaA KHcsIOTAa), Reo. = 0,83 *. 

7. HHK uz tumyca (4a), aH- 

IWeHHaA MMPHMUMHOBbIX OCHOBa- 0) a 

HHH lo Metoxy Takemypa (°) (amu- 240. 250 260 270 280 290 300 Sime 

PHMUAMHOBaA KucuioTa), RE o0= es 
Saar: eS Puce. 1. Cnextppt Bos6yxKeHua dmyopecteHuHH 

8. Asoructnie ocHOBaHNA: afe- #YKleuHoBEIxX KHCIOT B pactBope 0,1 N HCl (J— 


: 4) uw B docatHom 6ydepe (6 — 6). 1—tPHK 
YH, PyaHHH, THMMH, ypalHdl, WH-  yyskononumepHaa (2-10-8%); 2— PHK BbICOKO- 


To3HH (Mepk). NOJIMMepHad v3 powxKeli (3-10-3%); 3 — THK 
J\qA BCeX MCCIeEAOBAaHHbIX Mpe- HH3koNOHMMepHas (7-10-* %); 4— HK spicoxo- 
MapaToB HYKAeCMHOBBIX KHCOT 2lMepHas Hs THmyca (2-10~4 %); 5 — PHK sui- 
COKONOJMMepHaA H38 ApomxeH; 6 — JTHK nu3Kko- 
MUKpoOnypeToBad peakiHuA Ha nomumepuast 
Seok (*) oTpunatembHa. 
Ilpenapats! pactsopsmucb B 0,1 N HCl (pH 1,1) u B cochatnom 6ydepe 
(0,1 M, pH 7,2). Ppad@uxu cnekTpos cTponsiucb c yueToM *lyopecteHIHH pac- 
TBOPHTeIA. KOHILEHTpaluA pacTBO- 
pOB B OOJIbINMHCTBe CJIy4aeB OLeHN- 
BajlaCb 10 HHTC€HCHBHOCTH morsio- 
MleHHA. 

Kak BHaHO u3 pue. 1, PHK x 
JIHK 80,1 N HCl o6napyxupator 
aHaJIOTHYHbIe CNEKTPbI C ABYMA MaK- 
cCHMyMamMu mpH 248 u 275 Mp. OTH 
CHEKTpbl OTJHUAIOTCA OT CIeKTPOB 
MOFJIOULeHHA TeX %K€ KHCJIOT C MaK- 
CHMyMoM oOKOIO 260 Mp. 

x Ha6smofjaromeecsa pacxoxjieHue 
230 240 250 20 270 280 290 Mut M@xKILY CHeKTpaMH NOrsiouleHHua 
ee BOSOYK]CHHA MOKHO OOBACHHTH Kak 
| PE ES ia be ea IIpHCyTCTBHeM KAaKMX-TO rIpuMeceit, 
— ryaHHH; een: 3, 4 — CieKTpbl Ti: Tak HM TeM, ¥TO 3a dulyopecteHHIo 
PIOWeHHA TeX Ke pacTBOpoB HYKJICHHOBbIX KHCJIOT B JAHHbIX YC- 
JIOBMAX OTBETCTBEHHLI TOJIbKO H€KO- 
DpbIe H3 €€ KOMIOHEHTOB, KOTOpble, Kak M3BecTHO (1°), HMeIOT CIEKTPbI NOrio- 
CHUA, OTIHUHbIE OT CIeKTPa HYKJICHHOBLIX KHCJIOT. Bropoe mpeqnosomwenne 
OKpenneTcA paHee NOMyYeHHBIMM WaHHbIMH (') O TOM, YTO B TOI0Ce JOMH- 
M2CIEHILMH HYKJICEHHOBIX KHCJIOT MPOABJIAIOTCH OCOOEHHOCTH CBeYeHHA OT- 
MIbHBIX A@30THCTHIX OCHOBaHHH. 


_ * TIpemapat nonyyen B. ©. Bantourmastm (MockosckHit rocyapcTBeHHbIt yHHBepcuTen). 
** [Ipenapar nonygen C. A. Boratsipeso (Mactutyt 6voxumun AH CCCP). 
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IlpeqnpuHaAtele B CBA3H C STHM H3MePeCHHA CHEKTPOB BOSOy2KAeHHA NypHHO- 
BbIX HM MMPMMHAMHOBbIX OCHOBaHHH B KHCJIOTe NOKAasaJIM, YTO JIMUIb MYPMHOBbIe 
OCHOBaHHA — aleHuH HM ryaHHH — O6vlafqaroT cBeyeHHeM. PesyvIbTaTbI H3sMepe- 
HU pasOaBJIeHHbIX PaCTBOPOB STHX COeMHEHHH MOKa3aHbI Ha puc. 2. 3yecb 
110 BEPTHKAJIM OTIOXKeCHbl MHTCHCHBHOCTN BOSOy2KAeHHA HM MOrOULeHuA, MpHBe- 
JieHHBIe K ofHOMy MaciuTaOy. MoxHO BHeTb, YTO COOTBETCTBCHHBIE KPHBbIe 
JOCTaTOYHO XOpOIO MOBTOpAIOT Apyr Apyra. Bo BcaAkom ci1yaae, HET COMHEHHA 


Ynmencubrocms 


0 ' 
240 250 = 260 


270 


shes 


260 290 = 300 mu 


Puc. 3. Cnextpbi Bo36yxKTeHuA lyopecleHuuHu 
es pactsope 0,1 NV HCl: / — anypuuosoit Kuclo- 
Tb, 2 — anudpumMugnMHoBon KucAOTHI (25-10-4%), 
3— CieKTp MOrOuLeHHA Toro *%e pacTBopa allH- 
PHMHAHHOBOH KHCJIOTBI 


B TOM, 4TO MOJYYeHHBIe CHeKTPbI 
BOSOYKMCHHA XapaKTepHb! WIA. ry- 


aHWHa HW aneHiHa,. CpaBHeHue 2KE OTHX 


cimeKTpoB cocnekTtpamMu PHK u THK 
(puc. 1) faeT ocHOBaHMe CuNTAaTB, 
4TO 3a (plyopectleHIlviIo HYKJIeHHO- 
BbIX KHCJIOT B PpaCTBOpe OTBeTCTBe- 
HeH B OCHOBHOM TyaHHH. 
BropocteneHHast pOJlb aleHuHa B 
HaOMOLaeCMOM ABJICHHH pocTo oOb- 
ACHACTCA IPH OMCHKe COOTHOIMCHHA 
B BbIXOJax (byopecieHIHu 1A 060- 
MX ocHoBaHHH. IlocmeqHee werKo 
MOXKHO rObIJIO | CeaTb, MOCKOJIbKY 
ryaHHH HM aJleHHH BbICBEUMBAIOT TIpH- 
MepHO B OfHOH OOnacTH 360—380 my. 
Oxka3asi0cb, 4TO KBaHTOBbIM BbIXOLL 
(bulyopecileHiHu aweHuHa B 3—4 pa- 
3a HWKe, YeM ryaHHHa. OTHM HU OOb- 
ACHAeCTCH TOT (PakT, YTO CMeKTpbi 


BCeX HCCIeEIOBaHHBIX mpenapaToB PHK wu JTHK, mowmy4enublx 43 pa3/IMUHbIX — 
HCTOUHHKOB H HMeIONLUX pa3Hy!O CTeMe€Hb MOJIMMepHOCTH, HAaMOMMHAIOT CTeKTp 
ryaHuva. OrTcyTcTBHe ApKO BbIpaxKeHHOrO MHHHMyMa Hpu 265 mp oOyc0BIeHO 


BJIMAHHeM ayeHHHa. 

PiyopeculeHTHbIe CBOMCTBa ryaHuHa 
WU ayleHHHa B TaKOM Ke Mepe MpoOABJIA- 
roTCA H B pacTBope H,SO,. Helitpasp- 
HbI€ pacTBOpbl ryaHHHXJIOpruspata HU 
aJeHHHCY bata HMeIOT CMeKTPbI BO3Oy- 
YKUCHHA, MAIO OTJIMYAIOULHeECA OT CIIeKT- 
POB COOTBETCTBYIONLHX OCHOBAaHHH B KUC- 
aote. Ec yuecTb TO OOCTOATEIbCTBO, 
YTO HeEUTPaJIbHbIe PpaCTBOPbI MypHHOBbIX 
OCHOBaHHM He O6laaloT 3aMeTHbIM CBe- 
4YeHHeM, TO 13 MPMBeeCHHBIX PaKTOB Cule- 
iyeT, YTO B KHCMOH cpefe dtyopeciun- 
pyl!OT COJIM STHX OCHOBAaHHH. 

PoJIlb HYPHHOBbIX OCHOBaHHH BO (ly- 
OpeCleHWHH HYKJICMHOBbIX KHCJIOT OCO- 
O€HHO OTHCTMBO MOXKeT ObITh MOKa3aHa 
Ip HCCeqOBaHHH alypHHOBOH U amH- 
PHMMAMHOBOK KuCIOT. Ecau, JetcTBH- 
TEIbHO, PYOPeCMeHIHA CBA3AHAa TOJIb- 
KO C yphHamyv, To J[HK, smumenHaa 
MYPHHOB, ‘He LOJHKHA BO38OyKAaTbCA B 
oonactu 240—300 mu. Haooopor, orcyr- 
CTBHe TIMPHMHIMHOBbIX OCHOBaHHH He 
JIOJDKHO 3aMe€THO UCKaxKaTb KPMBY!0 


360 


340 350 


A— 


, S70ML 


Puc. 4. Cnextpbl dulyopecieHuuu B pacTBO 

pe 0,1 N HCl (1-107? %). J — ryaHuH; 

2 — ajleHuH; 3 — alvpHMHAHHOBaA KUCIO- 
ta; 4— JLHK nuskonomHmMepHan 


BosOyxKeHHA. JlaHHpie, mpeqcTaB 


JICHHBIC Ha PHC. 3, MOATBepKTaroT CileJIaHHOe BbIMIe 3akKJIIOUeHHe, UYTO ILeCHT 


pamu dryopecueHIHH HYKJIeCMHOBOH KHCAOTHI 


BaHHsl. 
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ABJIAIOTCA TYPHHOBbIe OCHO 


Mutepecuo ormetutp, uto JLHK-npoteug, coxepxanyui MuIb 6eI0K OCHOB- 
HOTO THMa, HMeeT CleKTp BOSOyKJeHHA, aHaOrMuHBI cnextpy JIHK. 

I[pegqcTaBA0cb BaxKHBIM NOJYYHTb CHeKTPbI (lyOpecueHUMH HYKJICMHOBLIX 
KHCJIOT HM ocHoBaHHH B O,1 N HCl. Stu cnextTpbi, nocTpoeHupie 6e3 yyeTa cneK- 
TpaJIbHOH UYBCTBUTEJIbHOCTH TIpHeMHHKa, MpuBeseHb! Ha puc. 4. Ilonoxwenus 
M@KCHMYMOB JWI ryaHwHa M afleHuHa OJIM3KH K H3BeCTHBIM B JIMTepatype (°), 
a KpuBble ussyyenua JIHK uw anupHMugMHOBOH KUCJIOTEI B OCHOBHOM MOBTOps- 
1OT KpHByl0 ryaHuHa. OTH rpacduKku NOKasbIBalOT Take, YTO CneKTp csryopec- 
Ie@HIUMM TyaHvHa, NO-BHAMMOMY, He MCHAeCTCA MpH BKJIOYCHHM MOJIeKYyJIbI rya- 
HHHa B HYKJICOTHAHYIO IenouKy. 

Mpl He CMOrIM OOHAPYXHTb CBEYCHHA HYKJICMHOBLIX KHCJIOT B HeliTpaub- 
HbIX paCTBOpax IPH BoO3sOyxKTeHHH B HHTepBasle norsomleHuA. OnHako u PHK 
u HK 8 0,1 M dochatuom 6ydepe npu pH 7,2 nposBastoT cubHy!o moocy 
Bo3sOyxReHHA BOIM3H 300 My (cM. puc. 1), 4TO CBueTeMBCTByeT O HaIHUHH B 
HHX IeCHTPOB H3J1y4eHHA C BbICOKHM KBaHTOBbIM BbIXOJIOM, CBA3@HHbIX, BO3MOX- 
HO, € MAKPOCTPyKTYpoH MOJIeKYJIbI. OTOT BOMpoc HyxaeTcA ene B ROMOTHH- 
TeJIbBHOM H3Y4eHHH. 

Aptopbl OlarofapHpt akay. A. H. Tepeuuny u ua.-kopp. AH CCCP 
M, H. Meficemto 3a BHuMaHHe H uHTepec K paboTe, a Takxe 5. ©. Baniommmuy u 
C. A. Boratpipepoli 3a npefocTaBleHve mpemaparos. 


Tloctynuno 
18 VII 1960 
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OKOJIOTH A PACTEHHH 


H. H. AJI@HMOB wu A. H. NPOUKAHA-JIABPEHKO 


K BHOJIOTHH HW BHOXHMHH CLADOPHORA SIWASCHENSIS MEYER 
(IIpedcmasaexno akxademuxom B.mH. Cykaueeoim 15 VII 1960) 


3emeHad Bosopocb Cladophora siwaschensis B mMacce o6uTaeT B Cxpalie. 
SToT Buy onucan K. VW: Meiepom (°), KoTophiit HaGmoxal sTy KAaqopopy B 
Boctouvom Cusaime. B 6omee mo3qHel pa6oTe oH KpaTKO cooOmlaeT 0 Mopqouo- 
THYeCKOM H3MCHYMBOCTH KJalodopbl B CBA3H C KOHIWeHTpallvel cole B palio- 
Hax ee OOuTaHHA (’). 

A. VU. Tpourkuna-Jlaspexko Ha6mogana Cladophora siwaschensis Bo Bcett 
akBaTopuu Cupamia (BocrouHom Mu 3anaqHom) B 1936, 1937 u 1939 rr. B cBasH 
C 9THM OHA JaeT Gouee MOApPOOHbIe CBeeHHA O OHOMOrHH M MOpdo/IOrHu sTOK 
Bogopocau (°, 9%). 

CuBalll — MeJIKOBOJHbIi H CHJIbHO pacdeHeHHBI 3amHB A3oBcKoro MOp4, 
COCTOAMLHH H3 MHOPOUHCJICHHBIX COOOMaIONLHXCA BOMOeCMOB, B KOTOPbIX BOMa 
UMeeT Pa3JIMYHYIO KOHIMeHTpalMto Comet. KomeOaHua KOHWeHTpaHi B Boctou- 
HOH moOBuHe CusBaitia (K BocToKy oT Uourapckoro *KemesHOMOpOXHOrO MOCTA) 
HaOoqatoTca oT 0,7 no 14° Bé, a B Sanaquom — oT 4 go 24° Bé. Cladophora 
siwaschensis O6uTaeT, pa3BHBaicb B MaCCe, BIWIOTh JO paHOHOB C KOHILeHTpa- 
wHe Qo 14° Bé. Takan HeoOpuaiinad 9BpHraNHHHOCTb 3TOH BOJOpOCcIH npel- 
CTaBJIA€T HCKJIOUCHHe KaK Cpe pacTeHHi, TaK M CpeM %KUBOTHBIX. XapakrTep- 
HOH OcoOeHHocTp1o Cladophora siwaschensis aBaaeTcA ee mMopdomormueckad 
H3MCHYHBOCTh, WeJIHKOM 3aBHCAad OT KOHILEHTpallui cole B BOJaX, B KOTO- 
PbIX OHA OOuTaeT. B BoMax C HH3KOM KOHWeHTpauMeh comet (1—4° Bé) Kajo- 
copa umeeT BU OOubUIMX PbIXJbIX, BATOOOPa3HbIX XJombeB. Taimom ca6o 
BeTBHCTHIM, CfO BETBH C JJIMHHbIMH M@XKLOY3IHAMM WM TOHKOM OOo04KOH. C m10- 
BbILCHHEM KOHILEHTpalluu ComeH 0 6—7° Bé x0MbA TaOMOB YMeHbLLaIoTCA, 
HX OKPaCKa TeMHEET, BETBJICHHE CTAHOBUTCA TYCTHIM, MEKLOY3IMA KOPOTKUMH, 
o6on04Ka yTomuaetca. IIpu JabHeluem MOBbIMIeHMH CofepxKaHHA cose B 
BOMe yKa3aHHBle BbILe MPpH3HaKH yCHJIMBaIOTCA, HM B BOMaX C KOHUMeHTpalluent 
comeH 10—12° Bé Tanaom uMeeT Buy, MenKMX KOMOUKOB (I1—4 cm B nomepeu- 


OE 


Huke). B 1937 r. meTOM B TeYeHHe JJIHTeIbHBIX ILTHJICBbIX TOO, KOMOUKH TaJ- 


JOMOB Kaqopopbl, BCeACTBHe OKATHIBAHHA, HMeIM BU MJIOTHBIX IWapuKos (°%), 
KOTOPble B MaCCe OKaHMJIAIM TpHOpexKHble BOAbI HW BAOIb OeperoB 1Ox*KHOHK YaCTH 
Boctounoro Cupamia o6pasoBaiu wupoKy!o Kaiimy BbIOpOCoB. 

Byy4u 3aHHTepecoBaHHBIMA BOMpocoM MopdoulorMyecKOH M3MeHUMBOCTH 
Cladophora siwaschensis u ee xamMuM4ecKOrO COcTaBa B 3aBHCHMOCTH OT cpefbl 
OOHTAHHA, Mbl He HalllIM B JHTepaType HUKaKHX JaHHbIX MO 9TOMY BorIpocy, 
KPOMe YKa3aHHA, 4TO Ce30HHbIe (POPMbI HEKOTOPLIX MOPCKHX BOZOpocsel (La- 
minaria saccharina u L. cloustonii) cBa3aHbl c H3MeHeHHeM (bu3H4eCKUX UM 
XMMHYeCKUX CBOHCTB MopcKoH Bop (1'). O xumuueckom xe cocTaBe Cladopho- 
va NOUTH He MMeeTCA JaHHbIX, 3a HCKJIOUeHHeM YCTapeBIINX CBeqeHHH oO Cla- 
dophora glomerata, npwpeqenupix A. I]. Bunorpagospim mo ucceqoBaHuaM 
Petter (). Her taxxe HuKakuX JaHHbIX 0 XHMM3Me Kulaqodop B COBpeMeHHOH 
cBoike B. Usmmena, MOcBAneHHOH BOMpocaM HCHOb30BaHUA BOZopocuent (°). 

_ OTO noOyAuN10 HaC 3aHATbCA BbIACHeHHeM XHMMYeCKOrO cocTaBa Cladophora 
Siwaschensis B 3aBMcuMOCTH OT ycJloBHii O6uTanua. Ja Boctounoro CuBaua, 
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B3aTHe B uIOe 1937 r. TlepBbiii O6pasem B3AT B CpemqHel YactH BoctouHoro Cu- 
Balla, Te KOHICHTpallHA CoueH B BOLe KOMeOamach oT 3—4° Bé, a TamwIoM Kula- 
opopbi umes PopMy KpyNHbIX BaTOOOpasHBIx XwIOMbeB (40 30 cm B AMameTpe). 
Bropo o6pa3el, B3AT M3 toxKHOM YacTH BocTouHoro Cupaila c KOHWeHTpanueli 
cone 8,5—12° Bé. B stom paiione Kaqodopa umMema BU WapHKOB Cc MaMeT- 
pom 0,5—2 cm. 

XMMMYECKHM aHaIN3 BOJLI* B patOHaxX B3ATHA STUX OOPAZIOB Ma celyt0- 
IHe pe3syJbTaTbl (B MpoweHTax): 


Ne Ca Mg K+Na HCO, SO, Cl Br Ca(HCO,), CaSO, MgSO, MgBr. KCIl+ Cymma Cyx. 
O0p. +NaCl cone ocr 


1 0,0889 0,335 2,9033 0,1796 0,710 0,014 0,149 0,0238 0,2821 0,6402 0,0161 7,3739 9,189 9,414 
2 0,128 0,542 4,5955 0,046 1,118 8,0470,0254 0,0194 0,4187 1,030%0 0,0234 11,6806 14,470 14,498 


OOdpasupi NeNe 1 u 2 xpanusncb B a6opaTOpHM B BOSLYIIHO-cyxXOM COCTOS- 
Huu. B o60ux OOpasax ONPeMeIAIUCh 3OMbHOCTh, COMep2xKaHHe KaJIbILMA, doc- 
qpopa, *Keslesa, a TakxKe BATAMMHOB rpynnbl B: THamuHa, pu6odaBuHa M HUKOTH- 
HOBOM KHCJIOTEI. Onpesesenue Kabila Hu cbocsopa MpousBOLUMOCb MO MeTOLaM, 
IIPHHATEIM pH OMOXMMMYeCKOM UCCIeOBaHHN pacTenHni (7). CofepsxaHue xKe- 
J1I€3a4 ONPeMeIAOCb KOJIOPHMeTPH4YeCKHM MeTOJOM’IIpH MOMOMLM posanuctoro 
aMMOHHA (°). 

TvamuH (BuTamMuH B,) akcTparupoBaca 2% TpHxJOpyKCycHOM KuCOTON, 
‘3aT€M OH KPpaCHOH KPOBAHOM COVIbIO MepeBOAMJICA B THOXPOM, KOTOpBIM M3BuIe- 
KaJiCA H30aMHJIOBbIM CiupTom. [lomwyyeHHbEI SKCTpakT THOXpoMa mMpocmaTpH- 
BaJICA B YJIbTpaduoeTOBbIX JIy4aX HM MyTeM CpaBHeHHA ero diyopecieHuuH 
‘CO CTaHJ,apTHbIM paCTBOPOM BUTaMHHa B, ompesesAsOcb KOJIM4eCTBO THaMHHa (*). 

Ompefemenue coflepxxaHHA HAUKOTHHOBOM KuCJIOTHI (BHTamHHa PP) mpon3Bo- 
JM0Cb WHaHOpOMHAHbIM MeToxom (°*). 

Jlna onpeweneHua KOMYeCTBa CBOGOHOrO pHOodsaBuHa (BUTaMuHa B,) Ha- 
BecKa BelllecTBa OOpabaTbIBaach B KUCJIOH Cpele STHJIOBbIM CIMPTOM HM BbIgep- 
2KMBalaCb B TepMOCTaTe pH Temnepatype 37° B TeyeHHe 24 uac. OTHM JOcTH- 
rajocb U3BIeyeHHe BUuTamHHa B,. M3BieueHHbiit BHTAaMHH TyTeM oOy4eHHA 
MHpakpacHbIMu Jy4aMM MpeBpallaicA B JIOMMHOWNaBHH, KOTOPbIH 3aTeM H3- 
Bekasica xmopodopmom. Ilomy4eHubli XJOpoPopMeHHBIM IKCTPaKT OOTyyaJCA 
YAbTpapvoueTOBLIMH JyyaMH HM CpaBHeHHeM MHTeHCMBHOCTH ero dryopecteH- 
IMM VM CTAHapTHbIX pacTBOpOB BUTaMHHA B, onpesesAOCh KOMYECTBO pudod1a- 
puna ('). PesymbtTaTbl aHalH30B paCCUHTHIBaIMCb B MHJIWIMrpamMax Ha 100 r 
adcOJIKOTHO CyxOro BelllecTBa BOJOPOCJH: 


Ne o6p. 3oma Kaapuuit ®Dochop 7Keme3o THaMuH HukoTHHaMug Pu6opmaBuH 
{ 44860 3095, 92 160,00 104,00 Pagan) 1,50 0,20 
2 69630 5951 , 90 240 ,00 104,00 0,60 0,50 0,60 


Kak BHJHO 43 MpHBeeHHbIX JaHHbIX, OOPasUbl, COOpaHHble B BOAaX pasHoli 
KOHI[CHTpallH, CyWIeCTBEHHO OTJIM4YaIMCb MexKAy COOOM MO CosepxKaHHIO MHHe- 
PasbHEIX Coe H BUTaMHHOB. IIpu OOuTAHHM KaO*opbI B BOJe C BbICOKOM KOH- 
WeHTpallHei Coe 3HAUMTeIbHO YBeJIMYMBaeTCA OOULAA 3OJIbHOCTb BOLOpOcen, 
a TAK2KE COMepxKaHHe B 30/Ie KaJIbUUA U Pocdopa. CosepxaHHve STUX 3JIEMeHTOB 
BO3pacTaeT mpumMepHo B 1!/, — 2 pa3a. B oOpasmax, COOpaHHbIX B BOJe C He- 
OombIUIOM KOHIEHTpalHel cose, KOJIMYeCTBO THAMHHA MH HHKOTHHAMHa OblIO 
B 3—4 pasa Oombmie, 4em B OOPasilax, B3ATHIX B BOLE C OOVIbIMOH KOHMeHTpa- 
muelt comet. B comepxaHun xe puOodplaBHHa OTMeYaacb OOpaTHas] 3aBNcH- 
MOCTb. 

| Heab3a He OTMeTHTb, 4TO eC B OOPa3silax BOMOPOCM, COOpaHHbIX B Bose 
2 HW3KOM KOHIeHTpallve CcouleH, THaMHH, HUKOTHHAMH] Hi pHOodiaBHH OTHO- 
2HIMCb Mexy cool Kak 12,5:7,5: 1, TO B OOpasllax H3 BOJbI C BbICOKOM 
* AnaJIH3 TIPOH3BeeCH BO Bcecoro3HOM Hay ¥4HO-HCCJIETOBAaATeJIbBCKOM HHCTHTYTe Ta/lyprHu aHa- 


quTukamu Kapyamesoii, CkopyncKoli, Pequenko moq pyKoBogcTBom Pusunneo. OOpasen Ne 1: 
remmepatypa Bogpt 28°, d 1,069; o6pasen Ne 2: 26, 4°, d 1,112. 
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KOHILCHTparvelt covlel OTHOWIeHHe STHX BUTAMHHOB M@xKy coool paBHAJIOCe 
mpumepHo equnuue (1: 0,8: 1). 

Tlockompky ycTaHoBweHo (°), 4TO THaMHH, HHKOTHHaMH u pHooplaBnH 
ABJIAIOTCA COCTABHOM YaCTHIO (PepMEHTATHBHbIX CHCTeM, PeryJIMPYIOWMX OKHCIH- 
TCJIbHO-BOCCTAHOBHTEJIbHBIC MPOMeCCbl, MOXKHO JLYMaTb, YTO HaOuIOfaemble HAM 
U3MCHEHHA B OOULEM COMep2xKaHHH STHX BHTAMHHOB HM B HX COOTHOWIEHHH ABJIA- 
IOTCA CJIENCTBHEM CJBHTOB OOMEHHBIX MIPOMecCOB, KOTOpble IpOHCXOLAT B BO]O- 
pocuu Cladophora siwaschensis BeeqCTBHe H3MeHeEHHA KOHIEHTpalMu coset 
B MOpCKOH Bose. 

Takum O6pa30M, OOMTAHHe BOAOPOCM B MOPCKOH Boe PpasIMYHOH KOHICHT-_ 
pallHH CKa3bIBaeTCA KaK Ha e€€ MOPOJIOrHH, TaK WM Ha COfepxKaHHU B Heli MU- 
HepaJIbHbIX COJIeH H BHTaMHHOB. 


Borannueckuit uucTHTyT uM. B. JI. Komaposa Ilocrynuso 
Axayemuu Hayk CCCP 14 VII 1960 ~ 


. UMTHPOBAHHAA JIATEPATYPA 
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19388; 40 DES Keaa in Kos, Vi ai Glerarelc isel piri yr ae KO 1CIupnigesrE KOs 
Merogbl rurvenuyeckux uccmeqopaHuli, M., 1952. °® 5B. A. Kyapames, Buonornue- 
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Geochemical Problems, Moscow, USSR, New Haven, 1953. 
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Tornrayqn Akagemun nayr CCCP 
1961. Tom 136, Ni 4 


IMBPHOJOLHA PACTEHUH 


C. H. KOPOBOBA 


MMUKPOCIOPOrEHES HW PA3BUTHE MbIJIbILEBOrO 3EPHA 
Y KYKYPY3blI 


(ITpedcmaeaeno axademukom B. H. Cyxauesoim 13 VII 1960) 


Hecmotps” Ha Bce BospacTaiollee 3HaUeHHE KYKYPY3bI B HAPpOHOM XoO3aii- 
cTBe, y Hac HeT JOCTATOUHBIX CBeJeHHH NO PAY 9TANOB ee pasBHTHA, HM B Mep- 
BylO oO¥epetb MO OpMHpoOBaHHIO ee NOJIOBLIX MpoAyKToB. B HacTosmeli pa- 
OoTe Mb H31araeM HEKOTOPble JONOHUTeIbHbIe MOLPOOHOCTH pasBUTHA MbLIb- 
WeBoro 3epHa HM MHKpocnoporenesa, NOMYYeHHbIe B pe3yJIbTaTe MpoBeseHHOrO 
HaMW HcceqOBaHHA. 

Matepuan Jia uccneqopanua B 1953—1955 rr. co6upaca Ha Ky6ancKoi 
ONBITHOH CTaHIMH Bcecoto3HOro HHCTHTYTAa pacTeHHeBOACTBA, a B TeyeHHe JleTa 
1959 r.— B KpacHoyapckoM Hay¥4HO-HCCIeAOBaTebCKOM HHCTHTYTe CeJIbCKOFO: 
xossiictBa. MyxKckHe IBeTKH, B OCHOBHOM copTa «CTepJIMHT», PUKCHpPOBaJIUCb 
XpoMm-aneTpopmoviom mo C. IT .' Hapawiuny; Jia okpacku NpHMeHAMaCh peakUNA 
MénbreHa C MOMKPacKOh CBeTVIBIM 3eIeHbIM HM TemaTOKcHIMH 0 Teliqenraiuy. 
CBexaA MbiIbIla HCCIeqOBaacb TakxKe B alleTOKAapMHHE. 

Hauano auddepeniMaunn apxecnopHaA B MblWwIbHHKaX KYKYPY3bIl Mpoucxo- 
AMT IIpHMepHO yepes MECHA MOce NOABJeEHHA BCXOZOB. B Teyenue 3—4 Heli 
KJIETKM CFO HHTCHCHBHO JeIATCA, 3aTeM JeeHHe MpeKpalaeTcA H apxecnoph- 
aJIbHbI€e KJICTKH CTAHOBATCA MAaTePHHCKHMH KJIeTKaMH MMKpocnop. B Teuenve 
noclexqyroulux 2—3 HeH MaTepHHCKHe KJI€TKH MHKPOCHOp 3Ha4HTeIbHO yBe- 
JIMUMBAIOTCA B pa3sMepax, NOce Yero MpHCTyMaloT K MeHOTHYeECKOMY JleJIeHHIO, 
KOTOPOe MPOXOAUT BNOWHeE HOpMasbHO (puc. 1, /—22). Kak noxa3an Puc (°), 
oOpasoBaHHe TeTpa MUKpocniop y KyKypy3bl MpOMCXOAUT MO CyKIeCCHBHOMY 
THNY; B pe3yJIbTaTe MeHo3a cbopMupyeTcA BCerda H300NIAaTepalbHaA TeTpaya 
mMuKpocnop (/9—22). XapakTepHoit yepTol Melo3a y KYKYPY3bl ABJIACTCA OUCHB 
paHHee 3asloxKeHHe KeCTOUHDIX MeperoposoK (6, 17). Ilo-BuyquMomy, BCuIeqCTBHe 

- 9TOrO, Kak yKa3bipaet Tepacumosa-Hapamuua (7, *), 3ecb H He HaOmOJaeTca 
CHJIbHOrO OTTAJIKHBaHHA COMpOH3BOUHBIX sep, KOTOpoe OObIYHO MMeeT MeCTO 
IIpH MHTO3e HW OCOOeHHO CHJIbHO BbIPayxKeHO IPH MHKpocmoporenese y paza 
TIOKPbITOCEMAHHBEIX. 

OHOBpeMeHHO C MeHOTHYeCKHM jleIeHHeM, KOTOPOe IpeTepneBaloT MaTe- 
PHHCKHe KJIeETKM MUKpOCHop, B KJleTKaX TaleTaIbHOrO COA Take HavlOLa- 
IOTCH JeJeHHA ANep, KOTOPble y KYKYPY3bI MPOHCXOAT, KaK 9TO OTMeYAJ elle 
Kynep (8), 6e3 nocaesyroujero WHTOKHHe3a, B CBA3H C ¥eM (K KOHILY mpodaspl 
Meli03a MHKPOCMOpOMHTOB) KIeTKH TalleTyMa, KaK IpaBHJIO, CTaHOBATCA ABy- 
AepHbIMH. 

Bekope mocyie pacnazenus TeTpag Ha OTJebHbIe MUKpocnoppl (pue. |, 23, 
24) BoKpyr noceqHux HaynHaioT cbopMHpoOBaTECA COOcTBeEHHBIe OOOMOUKH (25, 
26), MO Mepe YTOJMEHHA JK3HHBI B Hel CHauasa OOpasyeTca mpoctas mapa (26), 
BIOCJEICTBHH pasBuBalollaicad B OMmvcaHHy!o Yo3sepyoKcom (*°) xapakTepHyto 
(WIA MIbIIbILeBOrO 3epHa KYKYpy3bl NOPY, OKPY2KeHHY!O KOJbILCBbIM BaJIHKOM H 
3aKPbITyIO MpOOKOli u3 BelecTBa, MO COCTaBy CXOAHOTO C OCTAJIbHOH YaCTbIO 
o6on0uKHu (27, 32). 

CnelyouluM STaNOM pa3BUTHA MUKPOCHOpbl ABAeTCH ee BaKYOJIM3AINA. 
Ha onpellerstonyio poh sTOrO 9Tana WIA XOfa PasBUTHA MbIWIbUeBOrO 3epHa, 
| a B JanbHeiuiemM H NONOBbIX 9JIEMeCHTOB YKa3bIBaeT B CBOHX padoTax Tepacumo- 
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pa-Hapauuua ('~*). Hawi na6mofseHua MoKa3aM, YTO CTAaAHA BakyOJH3alluu 
MHKpOCHOp H Culemyiollad 3a Hell CTalMA €e MepBOrO Ae/eHHsl Kak y OMHCbIBae- 
moro 3fecb copta «<CTepsIMHT», Tak H Y HEKOTOPbIX ApyTHx HCCJIe€OBaHHbIX 


ta 
Sten re 
UP tS 


j 


HaMH COPTOB KyYKYPY3bl ABJIAIOTCH HanOovlee YASBUMBIMH [JIA Pa3JIMYHbIX BHELI- 
HHX BO3JeHCTBHA (HanpHMep, H3MeHeHHi TemmepaTypbl); KpoMe Toro, MO Ha- 
UIHMM HaOJIOJeHuAM, MM@CHHO Ha STHX CTATHNAX MpOuCXOAAT B OCHOBHOM Hap yile- 
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BMecTe C AJpOM CMellaeTcA B MpOTHBONOOKHYyIO cTopoHy (28, 29). Cnenzyer 
OTMETHTb, YTO, HapAy C MHTCHCHBHBIM POCTOM MUKpOCHOp, OOpas0BaHHA WMTO- 
T11a3MbIl B 9TO BPeMA, MO-BHJMMOMY, He MpOWCXOAHT, B CBA3M C YeM Apo ocTa- 
eTCH B OUCHb TOHKOM TOCTeHHOM cwJIoe WHTONMasMBI (30, 31). TapamnenbHo 
C poCTOM MHKpocnop HM BakyouMsalveH WMTONIA3MbI HaOMOaeTcA HEKOTOPOe 
yMeHbluleHue pa3MepoB siqpa (27—30), uro ormeyaet u Basap (1°) Aa pasBu- 
THA MuKpocnoppl y Impatiens balsamina. 

Hauaso BakyOJIM3allMH MHKpocnop y KyKypy3bl COBNayaeT C Ha¥aJIOM Jlere- 
HepalluH KJIe€TOK TaleTyMa, IIpHueM OYEHb XOPOLWIO BUAHO, 4TO MepBbIMH JereHe- 
PHpYIOT Te KJeTKH TaleTyMa, KOTOPble paCHOMO*KeHb! OM2Ke K MAKpOcnopamM. 
STO, HECOMHEHHO, MOATBepaKaeT Mpednomomwenue Tepacumopoh-HasamunHon o 
TeCHOH B3aHMOCBA3H pa3spyIIeHHA TaneTaJIbHbIX KJIETOK C BakyOulMsanHeh Vi 
pocTom Mukpocnop. OJHOBpeMeHHO C paspyllieHHem TaneTyMa HaOwOfaeTCcA De- 
reHepallHA MPpOM@*KYTOYHOTO CJIOA CTCEHKH MbWIbHHKAa, TepBble NpH3HaKK KOTO- 
POH MO*KHO ObIIO 3aMeTHTb elle BO BPeMA Melo3a. 

JlocTurHyB ompeyesieHHbIX pa3MepoB (Ha 39—40 fleHb nocule NOABJeHHA 
BCXONOB), MHKpOcnopbl HpucTynaloT K emenuto (puc. 1, 32—389). Bepeteno 
JesJIeCHHA HAXOJUTCA B O“CHb TOHKOM CJlOe€ MOCTeEHHOM WHTOMIA3MbI HW, Kak Mpa- 
BUJIO, OPHEHTHPOBaHO MepMeHAHKyJAPHO K OOomOUKe KeTKH. Ero movtocbt 
pacnoJlaraloTcA OKOJIO TpaHHIL WHTOMMAcTa: OAMH Moc — OKOO OOO/OUKU. 
MUKpocnopbl, ApyroH — OKOJO MOBepXHOCTH IMTOMIAa3Mbl, rTpaHwualleH Cc Ba- 
KyoubtO. Ilostomy 06a sAZpa, OOpa30BaBIHecaA B pe3yJIbTaTe JeeHHA, (OpMU- 
PY!OTCA B JOBOJIbHO CXOJHBIX YCJIOBHAX HU BHAYae NO pasMepaM MOUTH He OTJIH- 
yalorcA pyr OT Apyra. Oguako B CMY Toro, YTO BepeTeHO eeHHA pacno- 
JIOAKEHO BOJIH3H OOOJOUKH MHKPOCHOpbl, MepleHAMKYJApHO K He, OOpasoBaB- 
IaACA KJIETOUHAA MWaCTHHKA OTLeIAeT Ha JOJO CeEPMMOTeHHOH KJIETKH OYCHb 
HeOOJIbIIOe KOJIMYCCTBO IMTOMIA3MbI, B TO BpeMA KaK CHOHOreHHOM KeTKe 
e€€ OCTA€TCAH 3HAYHTEIbHO OoOvIbUIe, OCOOeCHHO eCJIH YYeCTb COM WHTOMMA3MbI, 
NOCTeEMe€HHO PacCMOJIOMKeHHbIH MO BCeMY TIbIJIbIEBOMy 3epHy. B CBA3M C 9THM. 
APO CHOHOreHHOHM KJIETKH ObICTPO pacTeT H BCKOpe MO pa3MepaM 3HAaUHTEJIb- 
HO OOrOHAeT Apo cnepMuoreHHOH kKwleTKH (puc. 1, 40, 41). CnepmuoreHnHaa 
‘KJleTKa, BCKOpe MOCJIe CBOerO BOSHHKHOBeEHHA MepeMelilaeTCA K MpOTHBOMOIOXK- 
HOMY I10JIO0Cy MblJIbueBoro 3epHa (42—44), a B cHcbOHOrTeHHOH KueTKe HaudH- 
HaeTCA YCHJICHHbIM CHHTe3 ILHTOMIA3MbI, KOTOPaA MOCTeMeCHHO 3alOJIHAeT BCIO: 
BakyouJlb. Ilo Mepe 3an0JIHeHHA BaKYOJIM WHTOMMAa3MOH CNepMMOreHHad KJeTKa 
nepeMelilaeTCA BHYTPb MblIbuUeBorO 3epHa (45, 46). Ilo nepucdepuu npoTonmacta 
CHPOHOreHHOM KJI€TKH HaYMHAaIOT OOPAa3OBbIBATbCA KpaXMaJIbHble 3epHa, NO3- 
Hee 3anOJIHAIOMLHe MOUTH BCe MblIbueBoe 3epHo (46, 47). 

JleneHve cnepMHOreHHOH KJIeETKM Y KYKYypy3bl HAUMHAeTCA elle B MbIWIbILe- 
BOM 3epHe (puc. 1, 48—52), Ho 3yecb He 3aKaHYMBaeTCA; AMpa cnepMueB, Kak 
MbI y2Ke OTMeuaJIH (°), OCTAIOTCA B COCTOAHUM Teotasbl BIVIOTh AO UX OODeAH- 
HeHHA C %KeCHCKMMH KJI€TKAMH. OTO BMOJIHe COrmacyeTCA C OCHOBHBIM TIOJIO*Ke- 
HHeM MMTOTHYeCKOH TunoTesbl Tepacumopoii-HapaliuHoH O DBOMHOM OMJIOJO- — 
TBOPeHHH y pacTeHui. TOIbKO B 2KCHCKHX KJIeTKAX CNEPMHU HAaXOAAT yCJIOBUA , 
AIA TOPO, YTOOL! 3AKOHYNTb CBOH MUTOTHUeCKHH IWMKJI, HavaBINIHcA elle B 
IIBIIbIeCBOM 3epHe, H BMaCTb B COCTOAHHeE MOKOA. 


Boranuueckuii wucTuTyT um. B. JI. Komaposa Tocrynuao 
Axkajlemuu Hayk CCCP 11 VII 1960: 
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Jloxraagn Akagemun nayr CCCP 
1961. Tom 136, N 1 


PHZHOJIOTH f# PACTEHHH 
MW. H. CATAMJAK 


YBEJIMUEHHE COJEPKAHHSA CYXUX BELLECTB, CAXAPOB, 
NIMTMEHTOB WH ®EPMEHTOB Y NPHBUTbIX PACTEHHH MOPKOBU 


(ITpedcmaeseno akademuxom T. JI. Jleicenxo 6 VI 1960) 


B Hactosilei paOoTe uccleoBaHbl coflepsKaHve MHrMeHTOB HM CyXHX Be- 
UWeCTB B JIMCTbAX HM KOPHeNOLaxX MPHBUTHIX PacTeHHuH MopKoBN. JIA oMbita 
OblIH B3ATbI Ba copta MopKoBu: HautcKas rpHOoBcKaa u Beas 3eeHoro,0- 
Bax. CeMeHa Mepsporo 43 HuX NOyYyeHb! u3 PpH6oBcKo OBONLHOM CeseKILHOH- 
HoH cTaHitwu, MockoscKoH o6macTu, a BToporo — 3aKyIJIeHbl B Mara3HHe 
B Ojecce. 

Tloces o60ux copTosB npou3BejeH 31 mapra 1959 r. [loce Toro Kak KOpHeNJIOLbI 
Jocturma Tommunst 0,5 cm, 15 wiona 1959 r., ObInM MpOHNsBeeHbI B3aMMHbIe 
TIIPHBUBKH JONOIHUTeIbHDIX KOPHeH. Ilo KaxkoMy BapHaHTy MpoH3BeLeHO 
mio 50 mpuBuBok (puc. 1) uw Takoe Ke 4HCMO pacTeHul CyKUMO KOHTPOJIeEM 
{TeXHHKY MPHBHBKH CM. B (°)). 

Bce MpuBUTble H KOHTPOJIbHble PacTeHHA ObIIH BbICAKeHbI Ha TULATeIbHO 
oOpadoTaHHOM y4acTKe. 3a BpeMA BereTallHH MPON3BeNM UYeTbIPe PbIXJIeCHUA 
{10 VII, 1 VII, 12 1X uw 14 X) w apa nonupa (29 VI u 15 VII). Hossasox c mpu- 
BHTbIX paCTeHHH He CHHMasIH, OHH MeperHuBasIu BO BJlaxKHOH MOuBe HW Paspble 
BaJIUCb YTOJIMMaIONLMMNCA KOPHeroaMu. 

B oxts6pe 1959 r. npow3sBenH ompellemeHue CYXHX BellleCTB, KapOTHHAa, 
KCaHTOMusa, Xopodussa a u b B OMHOBO3SPaCTHBIX JIMCTbAX MIPHBUTbIX H KOH- 
TPOJIDHBIX; pacTeHui (cM. Ta6J. 1). 


TaOauna 1 


CojepaHue cyXHX BellecTB, xiopodusna a u b, KapoTuHa M KcaHTodusua 
B JIMCTbAX MOPKOBH 


Ha a6c. cyxolt Bec 

XJIOPO- XJIOpOo- ee KCaHTO- 
erobaau Teh Gi te cyx. Belle- dunt a | dunn b Hepouee buss 

cTBa B % B % B % B Mr % B mr % 
Hantckad rpHOoBckas+— KOHTpOJIb 24,0 Wl 0,44 5,60 6,50 
- Benaa 3enenoro10Bpad — KOHTpOsb 26,7 2,16 1,04 COT 13,00 

Hantckaa rpHOoscKkas + benas 3e- 2 ; 

JIGHOTOJIOBaA 27,8 4,45 0,56 6,34 6,64 
Bean 3enenoromopana + HanutcKaa : cape. 
rpHOoBcKaa PEE AO, 2g ORs is Ps O10, 13,85 


Onpeslemenue CyXHX BelIeCTB MpOMsBOLMIOCh MO OOMLeMpHHATOK MeTOMKe, 
ja onpeyeieHHe MHrMeHTOB — MeTOJOM xpomatorpaduu Ha Oymare *. Jfaub- 
‘Heliliiee KOMMUeCTBEHHOe OnpeseseHHe MpOv3BOANIN (borosleK TpoKOOpUMeT- 
pom ®9KH-54. 


* Onpegesenue nurmentos mpoussoquau O. HM. Cannuxosa u T. HW. Kanyenxo. 
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V3 ta6a. 1 BUAHO, UTO JIMCTbA MPHBHTbIX paCTeHHH MOPKOBH coJlepxKasN Cy- 
XX BellleCTB, a TakxKe xopousa, KAPOTHHA MH KCaHTO*Usa Coe, YEM JIH- 
CTbA COOTBETCTBYIONLHX KOHTPOJIbHBIX pacTeHuli. TakuM OOpa30M, CHHTeS NMT- 
MeHTOB B JIMCTbAX TeCHO CBA3aH C NpolleccaMH, MpOTeKalOlMMMH B KOPHEeBbIxX 
CHCTeMaXx. 

Pag apropos ((*) u Ap.) OTMedaIN, UTO KAPOTHH OKa3bIBaeT CONbINOe BIMA- 
Hue Ha pocT KOPHeBbIX cucTeM. Kak BUHO M3 HallMX OMbITOB, B JIMCTbAX NPH- 
BHTbIX, JBYXKOPHeEBbIX PacTeHHii COAepxaHHe KapOTHHA Bbille, YeM y HeNPH- 
BHTbIX pacTeHHi. 

S3umoli, BO BPeMA XPaHe€HHA KOPHEMVJIONOB, Mbl HECKOJIbKO Pas ONPee AIM 
cojlepxKaHue B HX CYXHX BelllecTB, CaxapOB, KaPOTHHA M AKTMBHOCTb KaTasa3be 
HW TepOKCHJa3bl. 


Puc. 1. IIpusursie KopHensogbI MopKopH. CieBpa KopHeloJio, MOpKOBH 
copta Hantckad rpHOoscKadt C MpMBUTbIM |KopHenoyqom copta beuaa 
3eJIeHOrOIOBad, CipaBa KOpHeNo_ OOpaTHOH MpHBUBKH, 


Onpeledenue CyxuxX BellleCTB MpOv3BOLHMOCh NO OOMeNPpHHATOM MeTOANKe, 
a onpejleieHHe CaxapoB Ha CbIPOH Bec — mo MeToxy Beptpana. 

Kpome Toro, B KOpHensO2axX MPHBUTHIX H KOHTPOMbHbIX PacTeHHi MbI OMpe- 
JetanH m0 Metony JI. MW. Canoxnuxorpa (°) colepxaHve KapOTHHa C MOMOLIbIO 
(boTosIeKTpokomopumMetpa DIKH-54 (cm. Tab. 2). 

M3 ta61. 2 BuHO, YTO B KopHenogqax HantcKoli rpHOoBcKol cofepxanue 
CaxapoB Obl0 Ha 2,5% Oombllle, 4eM B KOPHenogqax Beno s3enenoroo0Boli. 
B KopHensoax MpaAMbIx HW OOPaTHbIX IPHBHBOK CyMMa caxapoB 3HauHTeIbHO 
OoNbINan, YeM B KOHTpombHEIx. B HantcKol rpu6oscKol uacTn KOpHe- 
mul0qa OOeCMX MPHBHBOK COJepxKaHHe KapOTHHa 3HayHTebHO yBesMUMBaeTCA 
MO CpaBHeHHiO C KOHTpOJIeEM, XOTA B KOpHeroqax MOpKoBH Beaaa 3eneHo- 
roJIOBaA KapOTHHA He CosepKUTCA. 

Jasee B TeX 2Ke KOPHeMNOLax Mbl ONPeeNANM AKTHBHOCTS epMeHTOB.. 
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Taonuima 2 


Cojepxkanue cyxoro BellecTBa, CaxapoB M KapOTHHa B KOpHensmozax 
IIPHBUTBIX HW KOHTPOJIbHbIX pacTeHHH MOPKOBH BO BpeMA xpaHeHuA 
(Mapt 1960 r.) 


Cyx. Be- 
BapuautThl onbita ieee ae B% ee 
B% ° | cprpoii Bec 
Hautckas rpH6opckaad — KOHTpOuIb 12,69 oe 8,71 
Beaaa 3eneHoromopad — KOHTpOJb 10,90 7,02 HeT 
Hantckaa rpH6opcKkaa + Benas 3e- 
JI@HOrOJIOBAaA: 
B Hantckol rpu6oBcKoli 1onbS 11,63 11,44 
B Benson 3ereHoron0B0 IAs} 8,93 OnOz 
Benaa 3enenorosoBpaa + HanrtcKaa 
rpHOoBcKas: 
B Beno 3emeHorou0Bol Wayeo al 8,68 HeT 
B HaHtckow rpH6osckoli 135,00 10,79 10,00 


*KapoTuH HaligeH B npo6ax, B3ATBIX Ha paccroaHuH 0,5 cM OTaIuHHH 
CpallHBaHHA KOMIMOHeHTOR, a B OCTaJIbHLIX MpoOax ero He OOHApyxXKeHO. 


AKTMBHOCTb KaTasasbi onpezeiaia M. C. ToHomapenko c momomibio ra3soMer- 
puueckoro mpwHoopa H. H. Osyunnuuxkosa (*) No Ba pa3a, AKTHBHOCTb MepOKCH- 
- a3bl Ompesenanacb mMetogom A. H. Bospxkuua (*) (cm. Ta6a. 3). 

V3 fanuelx Ta67. 3 BUAHO, YTO BMPHBHTbIX KOPHeMIOaxX AKTHBHOCTb KaTa- 
a3bl BbIle, He3aBHCHMO OT TOTO, MPHBUBAaJICA MH TOOaBOuHbIH KOpeHb Hant- 
cKoH rpHOoscKol K Beno 3eneHoron0BolH umH HaOdoporT. 


TaOaumar3 


AKTMBHOCTb KaTaJla3bl H TepoKcua3bl {B KOpHeMmOLaX MpHBHTBIX 
pacTeHHH MopKoBH (B ceKyHyaXx) 


Kata- Tlepoxcu- 
BapuautTbl OMmbiTa nasa masa 
Hantckaad rpH6oBpckas — KOHTpOuIb 22,0 He akT. 
Benaa 3eeHoro0Bad — KOHTPOVJIb 15,0 He aKkT. 
Hantckaa rpuOospckas + Besa 3e- 
JeHOrOIOB aA? 
B Haytckou rpHooscKon 14,0 30,5 
B Benou semeHoro0Bon 42,2 50,0 
Benaa 3emenorojopan -- Hantckaa 
rpHOoBcKaa: 
B Beno 3emeHoroso0Bon Aes al 
B Hautckolt rpH6oBcKon 14,3 25,6 


B npvBuTbIx KopHemolax MOBbIIMNaeTCA TaKxKe AKTMBHOCTb MepOKCH{la3bl- 
IIpu stom B Hantckol rpvOoBcKoli 4aCTH NPHBUTOTO KOpHelwioqa MepoKcu- 
jla3a aKTMBUpyeTca Oovbilie, vem B Beno seeHOrosOBOK YacTH MpHBUTOrO 
KopHenvioya. 

B pe3ybTaTe ucceqOBaHuA Mbl IIpHXOAMM K CJleXYIOUWHM BbIBOaM. 

1. O6beqnHeHHe TPHBUBKOM ocoGelt pa3IMYHbIX COPTOB B OHH OpraHi3M 
TlyTeM JIBOMHOrO KOPHeBOrO MHTaHHA U3MeHAeT OOWLMH OOMeH BellleCTB H B 
pesysbTaTe 3TOTO MOBbIWAeT WKUSHEHHOCTh OPraHH3MOB OY 
' 2. Tipu npupuske JonomHuTenbHBIX KOpHell U3MeHAeTCA u30npaTeIbHaA 
Bocobuoct, KJICTOK IPHBUTbIX KOMIIOHCHTOB. 
| 3. Ilpupuska JonomHuTesbHbIX KOpHel OKAa3bIBaeT PasHOCTOPOHHee BJIMAHME 
a MHOorHe OuoOrMuecKHe Mpolleccbl HW MOSBOJIAeT BMCWIMBATbCA B HX HallpaB- 
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JICHHOCTb, PaciuupxAeT BO3MO2KHOCTH TlOSHaHHA TipolleccoB CHHTe3a OPraHH4de- 
<KUX BellecTB B pacTeHHAXx, a TakxkKe JaeT MaTepHal WIA CeJleKIHH. 


Onecckuit rocyapCTBeHHbIii yHHBepCcuTeT Tloctymuso 
um. HW. WH. Meanuxosa 30 V 1960 
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Jlokxaynn Akagemun nayr CCCP 
1961. Tom 136, Ne 1 


@HTOlM ATOJIOTHA 


9. WH. CJIENAH 


O CTIPYKTYPHbIX CBOHCTBAX FAJIJIOB MW KAJIJIKOCOB 


(IT pedcmaeaeno akademuxom B. H. Cyxauesoim 15 VII 1960) 


CpaBHeHve CTpyKTYPHBIX ABJIeHHH, NPOHCXOAMMMX pH pasBHTUM ral0B 
MHbIX HOBOOOpasoBaHHii Ha paCTeHHAX, Bax%KHO JIA BbIABJeEHUA cneuMpuKu 
TaJIOOOpasoBaTebHoro Mpotecca. BecbMa HHTepecHO cpaBHeHHe ocoOeHHocTel 
CTpOCHHA MpO30NMasMaTHYeCKHX FaJJIOB HaCeEKOMBIX — CTpyKTypHO HaNOovlee 
PHelWaIM3HpOBaHHBIX, CTPyKTyPHO HeCielMaIM3HpOBaHHbIX KaTalasmMaTHye- 
°KUX TaJJIOB YICHHCTOHOrHX, OakTepHaJIbHbIX KOPOHUATHIX TaJJIOB WH KaJlJIt0- 
20B. OHO MOXKeT ciocoOCTBOBaTb BbIACHEHHIO IIpeeJIOB peaKTHBHOCTH pacTu- 
PeJIbHBIX TKaHeEM Pa3JIMYHOH CHeWMaIH3allHH, U3y4eHHIO CMOCOOHOCTH 3STUX TKa- 
de K MeTalla3HH, HCCeOBaHHIO pOuJIH HX B MeXaHHueCKOM HMMYHHTeTe pacte- 
4uM K (buToparam HM mMHOromy Apyromy. B cBa3su c 3THM BaxKHO CTpyKTYpHoe 
cpaBHeHHe YIOMAHYTbIX HOBOOOpas0BaHHii B Hayasle HX pa3sBUTHA. B 93TOM 
TepHole pasiM4una MM OOIMe 4epTbI B peaKWMH TKaHel Ha NOBpexKJeHMA Oosee 
YOBUMbI. OHaKO UaCTHbIe CTpyKTypHble ocOOeHHOCTH HauaJibHoro MepHosa 
POCTa U3BeCTHbI [WIA TaJJIOB HEMHOrMX BO3OyMTeJIeH, HalmpHMep HeKOTOPbIX 
uynipidae (1, 2). 

IIposonmasmaTuyeckve raibl, 3aperHcTpupoBaHHble Ha BCeX BereTATHBHbIX 
Opravax, pasM4aloTcA Mo COMRKHOCTH CBOero CTpOeHHA. Muorve H3 HUX B ccbop- 
MHpOBaHHOM COCTOAHHH OTJIMYAIOTCA NOCeLOBATeIbHOCTbIO B AuddpepeHiMa- 
HH UW B KOHICHTPH4eCKOM pacnOJIOKeHHH BOKPYF ral MOOOpasoBaTeJA — CBOe- 
26pasHoro “OpraHHsall\MOHHOrO IeHTpa» — CHelMasM3HpOBaHHEIX TKAHEBbIX 30H. 
DObIyHO STHX 30H TPH, MCKOUaA SMMJepMuc: 9sTO y3Kad 30Ha TpoduyuecKol 
TKaHH, OKpyxKalollad cossaBaemy10 BO3OyHTeIeM TOJI0CTh MH OOpas0BaHHas 
MeJIKOKI€THOH MapeHXHMOM WIM BTOPHYHOH MepHcTeMOH; Oovlee LWHpOKaA, To- 
KpbIBalollad MepBy!0, 30Ha 3all[MTHOM MexXaHHy¥ecKOH TKaHH 3 CKJIepeHy, Te- 
Ppucdbepwueckad 30HA OCHOBHOMi raJJIOBOH MapeHXUMbI, WIMpWHa KOTOPOM Mox«KeT 
3HAYHTEIbHO IIpeBblilaTb OGe MepBble 30HbI. [aibl, XapakTepH3yroulwecA yKa- 
34HHBIMM 30HAMU, HMeIOT OOUee B PMCTOTOMOrpapHu C COYHbIMH SHLO3OHHbIMU 
MIoaMH, HM Mbl Ha3bIBaeM HX KapmovAHEIMH. I posommasmaTuuecKve raJlJIbl 
BbI3bIBaIOT HanOoslee cHellupHyHble rammooOpa3zoBaTeiH M3 Cynipidae, Itoni- 
didae, Psyllidae, Tenthredinidae. Kapnongupie ravibl MpeMMynlecTBeHHO 06 
DasyroT Cynipidae. B,pa3BHTHH KapMOHJHbIX PraJJIOB BbIABJIAIOTCA Ba 9Tarla. 
[lepBbili 43 HX HadMHaeTCA C MOMeHTa MpHoOpeTeHHA KeTKAMH PeaKTHBHbIX 
TkaHei MopaxkeHHoro y4acTKa opraHa cmocoOHOcTH K ObICTpoMy jeJleHHIO H 
3AKAHYMBaeTCA LudpepeHUMallMeH 30HbI CKepeu. BTopow stall HauMHaeTCA 
B KOHIe MepBoro HW OKaHuHBaeTca tbopMupoBaHiem ravia. [lo HaliuM aHHbIM, 
HepBbI ITA pasBHTMA MposonmmasMaTHyeCKUX, B TOM YMC HM KaplIOHHbIX, 
PaJlJIOB BCerfa HaYMHaeTCA He3aBHCHMO OT OCOOeHHOCTeH NopaxkeHHOrO pacTe- 
HM MU ero opraHa c dopMUpoBaHUA pereHepallHOHHOM MapeHXMMaTOSHOH Ou1a- 
eTeMbl. OTa OylacTeMa MOABJAeTCH BCJeMCTBHe NpoHdepalun peakTHBHbIX 
TkaHeH, HerocpeCTBeHHO MoBeprHyBUIMXCA paHeHHio. : 

_ Tlpoaucdepanua —ofHa M3 OCHOBHBIX peaKILMit PaCTHTeJIbHbIX TKaHeH Kak 
da cneuuduyeckoe, TaK HM Ha HecmelupH4ecKoe BOselicTBHe. ITO OODACHAETCA 
4M3KMM YpOBHeM MHTerpallMH pacTHTebHOrO OpraHH3Ma B WeJ1IOM. CrlocoOHoO- 
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CTbIO K MpodMdepalun HM OOpas0BaHMiO TOMOFeHHBIX MapeHXMMATOSHBIX OvacTel 
B Hayale TralooOpas0BaHHA OOsaaeT OOJIbUIMHCTBO TKaHeH BereTaTMBHbii 
OpraHoB: SMepMuc, cesoreH, emoqepMa, NapeHxXuMa HM KOJJICHXWMa KOPBI 
(blosMa, KaMOH, MepHMey/WIAPHbIe KJIETKH, KJIETKH CepAWeBHHHBIX Jyuer 
ryOuaToi MH cTomOuaToH xmOpeHXMMBI Mesodusa (**). 

JleneHve KJeTOK B Hayalle pasBHTHA NpoOsonmasMaTHYeCKHX TaJJIOB MOKe 
ObITh KaK IlePHKJIMHAJIbHBIM, TaK H @aHTHKJIMHabHbIM. Ileppoe HaOmosaertc: 
BOKpyr sila WIM JHMYHHKM BosOyAuTeA. UacTb KMeTOK B mpollecce JemeHu: 
yMeHbIIaeTCA B pa3MepaxX, B pe3syJbTaTe yuero B OmacTeMe BOSHMKAIOT 4aCT 
CJIMBalolMecA OYAPH BTOPH4YHOHN, TasOBOH, Mepuctembl. [lepudepnueckan ma 
peHxuma mpouHdbepata Oomee ryOuaTad, HeyKeIM BHYTPeHHAA, HM KJeTKM e 
yacTo rulepTpoupyiorca. 

OpraHv30BaHHOH MpoBosaueH cucTeMbl B OylacTeme HeT. B He MMeroTCs 
pa3spo3HeHHbie (bparMeHTbI MpOBOAAWIMX MYYKOB, pa3OPBaHHbIX eMALUeHCs 
TKaHbioO. CKlepeHXHMa B 3TOH TKaHH OObMGHO paspymlaeTca. KneTKH snKyJep 
Muca B Hayasie pasBHTHA MHOFHX TaJIOB Take HepeLKO MpoMHdpepupyioT WII 
OOpa3yloT OHO- WIM MHOPOKJeTOUHbIe TPHXOMbI. Uae, ofHaKO, OHM ruNepTpo 
dupyrotes. K KOHILY MepBoro 9TaNa pasBUTHA B OCHOBHOM raJIOBOH NapeHxu 
Me [pO30Ma3MaTHYeCKHX YTaJJIOB HaYHHaeTcA AudpepenUvalluA OTebHbI 
Ckslepeul, TpaxeH, cocy2oB H OOpa3s0BaHHe THAPOMMTHBIX y3JIOB, 4TO MoOfaB 
JideT powecchl mpomudepanun. Tas BCTyMaeT B 3aKJIOUMTEIbHbIM STAM CBoert 
opMupoBaHHa. 

Katanma3maTuueckHe rasiibl WICHHCTOHOrMX YeTKO OTHUAIOTCA OT Mpo30 
Mwa3MaTHU4eCKUX TaJWIOB. OHH XapakTepH3yloTCA aHapXH3MpOBaHHbIM rucTore 
He30M, KOTOpbI He yNopsAounBaeTcA JO KOHIa Hx tbopMupoBaHHA. OAHaKO 
HeECMOTpA Ha 9TO, IX MHOTHX BO3OyAMTeTeH KaTanma3MaTHYeCKHX TaJVJIOB 
Hampumep muHorux Eriophyidae (*), Itonididae, Aphididae, Psyllidae, uspect 
Ha BbICOKad TOcTaJIbHad M ToNOOrMyecKkas CnelMpuynocTb. B mpomecce pasBu 
THA KaTanla3MaTHyeCKHX TaJIOB He yaeTCA BbIABHTb CTPpYKTYpHO pa3JMun 
MbIxX 9TanoB. II[pH Mx copmMupoBaHHH OObIyHa xaoTHYeCKad pomMdepalus 
peaKTHBHBIX TKaHel, NIpHBOLALad K OOpas0BaHHIo ryOuaTouK TaJOBOH NapeH 
XHMbI ("acTO C rHnepTpodHpoBaHHbIMH KJIeTKaMH) HM OCTPOBKOB BTOpHYHO 
TaJIJIOBOH, MEPHCTeMbI, a TaK2Ke K Pa3pYWeHHIO NPOBOAAMLUX NY4KOB H CKJepeH: 
XuMbI. K KOHILY (OpMHpOBaHHA FaJIOB B ra/JOBOH NapeHxume uddepexu- 
Py!OTCA OTJebHBIe CKIepeHAbl H SHAUHTebHO pexKke — Tpaxeubl WH COCY/bI. 
TlocuieqHve, Kak HM B NposommasMaTHyeCKUX Fawax, IpWypoueHbl K yuacTKaN 
BTOPH4HOH MepHCcTeMBl. 

Takum o6pa30M, 10 YepTaM CTpOeHHA KaTanasMaTHyeCcKHe FaJiibl OKA3bI- 
BaloTCH MOXOMKUMM Ha MpoOsonMlasMaTHueCKHe FaJWIbl, HAXOAAMIMeCA Ha MepBON 
stane pasBuTua. Ilo cyTH wena, KaTamma3MaTHuecKHe raJIbl OTMM4YAIOTCA OT 
TpOSONa3MaTHYeCKUX TeM, 4YTO Y MOCJeTHAX KaTalasMaTHyeckanA CTPyKTyp4 
MepBoro 9Tala pasBUTMA He COXpaHAeTCA JO KOHWa POPpMUpPOBAaHHA, HO MpeTep- 
leBaeT yNOpALoveHve. OOBACHeHHE MOCJeIHeEMy MOXKHO BHeETb B TOM, YTO B 
CTPYKTYPHO CHellHasIM3MpOBaHHbIX Talwax, B OCOOeCHHOCTH B HanOoslee opra- 
HM30BaHHbIX H3 HUX — KaPNOWHbIX, Pa3BHBalOTCA OMHOUHbIe, MAaJIONOLBYX- 
HbI€ HW JlOKa/IM30BaHHble JIMUMHKH. B KaTanma3MaTH¥ecKHx %Ke ralwiax OObMHO 
oOuTaeT Ooulbliee UHCIO OcOGeli BOS6yAUTeel, MOCTOAHHO MepelBUralolluxca. 
Ec.IM JIMYMHKa OHA, TO OHA He JOKAaJIM3YeTCA B OJHOM MECTe, a TaK2Ke MOABHXK- 
Ha. Ilostomy TKaHM B KaTana3MaTH¥eCKHX raslaxX MOCTOAHHO CTMMYJIMpyt1orcs 
K J\@JICHHIO B pa3HbIX MeCTax, 4TO He cnocoOcTByeT ynopsAoueHHIo rHcToreHe3a. 
ABICHHe 2Ke CTPYKTYPHbIX CXOMCTB Mpos0- HM KaTanla3MaTHYeCKUX TaJWIOB B 
Hauvale pasBUTHA, KOTOPOe HMeeT MECTO HECMOTPA Ha pa3sJIM4HA MX NO HCY 
HW TIOBEEHHIO BOSOYAUTeeH, OObACHAeTCA, OYEBHAHO, HECMeMNPUYHOCTHIO Mpo- 
JMepaTHBHON peaKUMH PaCTHTeJbHbIX TKaHell Ha MOBpexkeHHe. 

B W3BecTHOW CTeneHH CTPYKTYpHble OCOGeHHOCTH MpOsOMIasMaTHYeCKUX Tad- 
JIOB Ha TlepBOM 3Tale UX PasBUTHA UM KaTalMasMaTM4eCKUX TaJOB UMeIOT OOuLee 
CO CTPYKTYPHbIMH OCOOeHHOCTAMM KOpoHYATEIX rasoB Agrobacterium tume- 
faciens Sm. and Town., 4 KoTOpEIx OObMeH aHapxXH3HpOBaHHbIi pocT c TONO- 
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rpaduyecku HeyMopsouenHbim ructorenesom (7, *). B mpomecce ero o6pa3y- 
1OTCA M OWA BTOPHYHOM MepHCTeMbI, M CKJIEPeHAbI, H MpOBOAAUIMe SeMeHTHI. 
Bo3MOxHO, 4TO CTPKYTYpHaA GONZ0CTh OaKTepMaIBHEIX KOPOHYATBIX TaJJIOB 
M KaTaliJia3MaTH4eCKUX TaJIOB WIeCHHCTOHOrHX OObACHAeTCH TeM, 4TO B HX 
HeT JOKaJIM3OBAHHOTO NOJIA JeHCTBHA POCTOBbIX BelLeCTB C paHasIbHO OfMHAa- 
KOBbIMH TpayWeHTaMH AKTMBHOCTH. STO CBA3aHO C OTCYTCTBHEM B STUX LTaax 
CTporo JOKAaIH30BaHHOrTO HMCTOUHHKa (opMaTHBHOrO jelicTBuA. Takoe moue, 
CMBICJI KOTOPOrO 3aKoUaeTCA B OOPa30BaHHH OMpeeNeHHbIX TKAHEBbIX 30H 
BOKPyr CO3farollero ero «OpraHW3allMOHHOrO WeHTpa» — raoc6pa3z0BaTelA, 
| B pasMabHOU HM KOHICHTpHyeCcKON yop AOUeHHOCTH rHcToreHe3a BOKpyr BoOsOy- 
AMTeNA, OYCBUAHO HMeeT MECTO JIMUIb B Nposo0nwa3sMaTHYeCKUX Tramiax. OmHako 
O CyleCTBOBaHHMH erO MOXKHO MpeslNoNaraTb JMUIb YUYNTHIBAA COMME CBeeHuA 
_O BJIMAHMM POCTOBbIX BellleCTB Ha THCTOreHes H JaHHbIe 10 CTPYKTYPHbIM OCO- 
OCHHOCTAM TasWIOB, TAK KaK JMHAMMKAa POCTOBEIX BEIIeCTB pH raocOpasoBa- 
HMM He M3yyeHa. CTpyKTypHasd ynopxAoueHHOCTb, HaGsOLaeMax B KOHIe pa3- 
BUTHA MpOSOMMasMaTHYeCKUX TaJIOB, CKOpee BCerO ABMAAeTCA CJIeEMCTBHeM J1O- 
KaJH30BaHHOTO NOJA MeHcTBUA CPUTOrOpMOHOB Ha TpomMepupyiouywe TKaHy. 
Cyfa mo cTporoi JeTepMHHUpOBaHHOCTM CTpyKTYpbI KapMOWHEIX TrasIOB Ha 
BTOPOM 93Talle HX pa3sBHTHA, 2TO NOse HaHOoNee BLIPAKeHO B raswax TaKoro 
_THIa, B YaCTHOCTH B rannax Cynipidae. Bricokand ynopsqoueHHOCTh CTpoeHHA 
TaJlJIOB 3TAX HACeKOMBIX, 4 TaKXKe KapMOWAHbIX TaVJIOB Apyrux Bo3s0yANTeNeh 
Ha BTOPOM 9Tale ABJIAeTCA MOCJIeICTBHeEM JWIHTebHOH Napa IeIbHOH 9BOVIIO- 
IMM UX C pacTeHHAMH-xo3AeBaMH. B mporecce ee KaK HaMOovlee CmelMaIM3Hpo- 
BaHHBIM pe3yibTaT OMONOrMYeCKHX B3AHMOCBA38eCH pPacTeHHH UM raJCOOpasoBa- 
TejleH HM BOSHUK TeHETHYECKH pa3HOPOJHbIM ABYXKOMIMOHEHTHEIN PopMooCOpaso- 
BaTeJIbHbIM alllapaT (MCTOUHHK (POpMaTHBHOTO JeHCTBUA — raJOCOpas0BaTeub, 
HCTOUHHK *opMoobpa3so0BaTeJIbHOH peaklMu — pacTeHve), mpecOpasyiomiui Oua- 
cTeMy — CJI€JICTBHe SJIEMeEHTAPHOHK MpomMdepaTHBHOM peakILMH paCTHTeJIbHbIX 
TKaHeH, B CTPYKTYpHO JeTepMHHUPOBAaHHbIt ravi. 

Kapmovguble radibl, CMOCOOHOCTb BbI3bIBATb KOTOpble HaCJieACTBeHHa Y UX 
BOSOYMTeNeH, ABJIAIOTCA JIA MOCeqHUX SKONOrMYeCKH Ooslee KOHCTAHTHBIMH 
rocTa/IbHbIMH OvoTOTaMH. B HaxoxKJeHHH TaKOHM Cpebl — CMbICA CTaHOBJe- 
HHA WM pa3BHTHA ZBOJIOIMOHHBIX B3aMMOCBA3eH TaOCOpasoBaTeseH UM pac- 
TCHHH-XO3HeB. 

CTpyKTYypHble OCOGeHHOCTH MposonasMaTHYeCKHX TaJJIOB Ha NepBoOM 9Tare 
MX pa3BUTMA, KaTalla3MaTH¥eCKUX FaJJIOB YWICEHHCTOHOrMX HM OakTepHaJIbHbIX 
KOPOHUATHIX TaJIJIOB CXOJHbI CO CTpYKTYPHbIMH OCOOeHHOCTAMH KAJIJIFOCOB. 
CrpoeHve nocmeqHux foctaTouHO xoporio u3yyeHo (* 1%). [IpH Kasrocoo6paso- 
BaHMM MpOMCXOLUT MpomMdepaluA peaKTUBHbIX TKaHeH, MpHyeM KJeTKM NWpo- 
JMepaTa CTaHOBATCA TOTHNOTEHTHLIMH, SMOPHOHAIbHO NOTeHIMaJIbHbIMH. Tu 
KJI€ETKH OOpa3yIOT OCHOBHYIO MapeHXHMATOSHY!O Maccy KaJlilI0ca, B KOTOPOK 
| BOSHUKAaIOT OUATH BTOpHuHOl MepuctTembl. [pu AeweHHH B KJIeTKAaX KaJIJIIOCA, 
‘Kak MW B KJeTKax ramos, paspymaroTca nnacTufpl. Mexkyy KieTKamH OOpa3y- 
JOTCA BO MHOFHX Cy4anxX MHOFOUHCJIeHHbIe MeKKJIETHUKH. KyeTKH 4acTo H- 
“TlepTpoupyrtes, a ux oOom04KH yTOHUAIOTCAH. STO NpOHCXOAMT TakxKe pH 
Pa3BUTHM raq0B MU BakKHO, TaK KaK TKaHM H KaJVJOCOB UM raJOB TpeOy1oT AA 
pocTa HHTeHCMBHOrO ra3s006meHa. B TKaHeBOM Macce KaJJIIOCOB, KaK HM B TaJ- 
Wax, MpOWCXOAMT COpasoBaHHe M CKJepevA, H NPOBOLAWIHX SJIEMCHTOB. Tud- 
cbepeHMpylouivecsd Tpaxeufbl, Mofuac cosfaloulve B Kaviocax cucTeMy OOvIb- 
IWOH CJIOMKHOCTH, COCAMHAIOT 9TH HOBOOOPasO0BaHHA C MPOBOAAIMMH NyykKaMu 
oprana-xo3anHa. I]po6Ka, BO3HUKalollad Ha MOBepXHOCTH KaJIJIOCOB, MOABJIA- 
eTCA WM Ha MHOPMXx rasax. Ja KajlmOCHOH TKaHH, KaK H [VIA TKaHH FaJJOB, 
U3BeECTHA CMOCOOHOCTE K OMOCHHTe3y POCTOBbIX BelllecCTB. OAHAKO eCJH CpOK 
pocTa KaymocoB orpaHHyeH B MepBy!0 O¥epesb CpOKaMM pocTa NopaxKeHHOrO 
OpraHa, a BooOmle Kasoc CmocoOeH HeEOrpaHHyeHHO pacTH (2) 2°). 90 Ba Tipe: 
KpalleHve pocta rasa OKa3sbIBaeT BMAHMe OKOHYAHHe pasBUTHA BOsOYAMTeIA 
‘H @opMupoBanHe 30HbI CKJIepeHd. 

_ Ha mepBom sTane pa3BHTHA MposonlasMaTHyecKUx TaJIOB, B PpasBUTHH 
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KaTanJla3MaTHYeCKHX faJJIOB YICHHCTOHOrHX HM OaKTepHaJIbHbIX KOPOHUATHIX 
TajlJIOB MOXKHO BLIABHTb COCTOAHHA, CpaBHMMbIe KaK C MepBbIYHbIM, TaK HM C 
BTOPHYHBIM KaJWJIIOCAMH, Pa3JIM¥aIOIMMHCA NO HaNMYHIO MpOM3BOAHBIX KaJl- 
JOcHOoro KaMOWA HM MO pasHoOoOpasHiO TKAHEBBIX 3JIEMCHTOB. 

OrtmeyeHHoe CXOACTBO CTPYKTYPHBIX OCOOeHHOCTeH KaJIJIIOCOB HM raJWIOB Lo- 
BOPHT B MOJb3y HECHeMMPHYHOCTH CTPYKTYPHbIX PpeaKTHBHBIX Mpoleccos, pas- 
BepTHIBAIOMLUXCA B OpraHax pacTeHH Noce HX NopaHeHui. OTy TOuKy 3peHHA 
NOATBepxKaeT MH TOT *PaKT, 4TO HAIVIbIBLI Ha epeBbAX TaKxKe HAYMHAIOT CBOe 
pasBuTHe c (pasbl KauocooOpasoBanus (?°). OnpeweweHHoe HalpaBuleHve rHic- 
ToreHe3a MOABJAeTCA y pacTeHH TOKO B CJlydae ynpaBleHua MM. B mpo3o-. 
TWa3MaTHy¥eCKHUX Laax 3TO ypaBJeHHe OCYLIECTBIAeTCA OMOJIOrMYeCKH crie- 
IMaJIM3HpOBaHHbIMH TaJlOoOpasoBaTeAMH — JleTePMMHUPYIOULMMH KOMIMOHeH- 
TaMH cbopMooOpa3oBaTeJIbHOrO allMmapaTa raJJoB. 

CTpyKTypHaa OW30CTb KaJVIIOCOB C raJJIaMH y2Ke OTMeYaJlaCb B JIMTepatype, 
Kak HM mpesnomomenue 06 o6tleli pol B HUX ayKCHHOB (1’, 7+), OHaKO CUMTATD, 
BCJIeL 3a OTJ@bHbIMH HcceLoBaTeAMH (1"), TOMbKO KaJIJIOCHI CJleCTBHeM pe- 
TeHepaTOPHbIX MpOlleccoB, HesIb3d. PasBuTHe raJJIOB HadHHaeTCA Mocwle mopa- 
HeHHA pacTeHua ramooOpasoBaTeeM TakxKe C MpoweccoB pereHepaluu, c oO- 
Pa3sOBaHHA JIOKAaJIM30BaHHOH B MeCTe MOpaHeHHA pereHepaTOpHOM OacTeMbl. 
B mpolecce pa3sBuTHA 3Ta OacTeMa MpMoOpeTaeT CTpyKTYpHble IpW3HaKH KaJ- 
JuocoB. B kKaTanma3MaTH4eCKHX TaJllaxX 9TH IIpH3HaKH He H3MeHHAIOTCH JO 
KOHIa @upMupoBaHHA. B nposonmas3MaTHYeCKHX TaswaX KaJIOCHaA CTpyK- 
Typa ynopsfounBaeTcA B CBA3H C POJIbIO TaJJIOB KaK TOCTaJIbHbIX OMOTOTIOB 
AIA CHeWMpHyHbIX raiooOpasoBaTeseh — CieWMaM3MpOBaHHbIX MapasHTOB 
pacTteHuit. TkKaHeBoe BO300HOBJIeHHe, OOpa30BaHHe KaJJi0Ca pH NOpaHeHHu ABH- 
JIMCb TEMH YCJIOBHAMM, KOTOpble MH MO3BONMMH GuTodaram mpMoOpecTH B UX 
SBOJIOWHH, COMpAKeHHOM C SBOUIOWMeH pacTeHHH, HacJieMCTBeHHYy10 crIOcoO- 
HOCTb BbISbIBAaTb FaJiJIbl, HCMOMb3yYA WpoMMpepaTHBHy!O peakIMio TKaHeH TIpH 
MOBpeKACHHH BbITOAHO AA ce6a. MorxKHO cKa3aTb, 4TO NposonasMaTH4ecKUh 
PaJlJI.— 9TO KaJIJIOC, H3M€HEHHbIM ero pOJIbioO cpebl OOMTAHHA crlelMdpHuHOrO 
HM CieluaIM3HpoBaHHoro BOsOyANTeWA. 


Borannuecknit uucTuTyT uM. B. JI. Komaposa Tloctynuu10 
AxkajemuH Hayk CCCP 13 VII 1960 
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300JIOTH A 


A. HW. TOPIOHOBA 


‘Ob OKPACKE BPIOHWIMHbI KAPACS 
KAK TAKCOHOMHYECKOM TIPH3HAKE 


(ITpedcmasnaeno akademuxom E. H. [aeaoeckum 8 VII 1960) 


Oxpacka Opr1oliHHbI CUHTaeTCH OJHMM M3 OCHOBHBIX TaKCOHOMHYeCKHX TIpHu- 
“3HaKOB cepeOpsAHOrO M 300TOrO Kapaceli (1). 

Ojuako B pxfle clyuaeB, KaK NOKa3aJIM Hal HaGJIOJeHHA, MpoOBeseHHble 
IIpH MaplIpyTHO-9KCHeAMUMOHHEIX OOCJeOBaHHAX O3ep KycTaHalickow o6macTu 
B 1955—58 rr., pa31HunTb 1Ba Bula Kapaceli 10 MaHHOMY IIpH3HaKy He Bcerga 
BO3MOXKHO. 

Havmenee ycTowunB 9TOT TipH3Hak y cepeOpsHOrO Kapacsa, OproliHas BBI- 
CTHIKa KOTOPOrO .TOJIbKO B OJHOM BOJLOEMe MOMKET HMeTH CJleLylouive BapvalHu 
OKpaCKH: yrOJIbHO-4YepHyio, YepHYy!O, CepOBaTO-YyepHyio, Cepylo, CBeTJIO-Cepyi0, 
CBeTIY1O H OYCHb CBETIYIO, MOUTH He OTJIMYMMYIO OT TAKOBOM 30s0TOTO Kapaca. 
Tax, B 03. )Kakcpi-Anakomb (OpsoKOHHKHA3eBCKOrO paliona) u3 165 cepedpa- 
HBIX KapaceH sMuIb 28 MMeJIM yrouJlbHO-yepHylo H 24 — uepHyio OpromluHy, 
T. €. COXPaHHWJIM STOT MpH3Hak Kak BUAOBOH. Y ocTabubix 113 Kapacei UBeT 
BbICTHJIKH MMeJI BCe MepeXObl OTTEHKOB OT CepOBAaTO-YePpHOrO JO COBepiieHHO 
icBeTIoro. CepoBaTo-yepHyi0 OpiouIHHy HMeJIM 5 SK3eMIVJIApOB, cepy1o 17, cBeT- 
Jio-cepyro 60, cBeTy1o 7, O4eHb CBeTyI0 24 9K3eMIIApa. 

CucTemaTuyeckHl aHasv3 cepeOpaHbIx Kapaceli c Ooslee HIM MeHee CBeTJON 
OpIolIHHOH NoOKasayl, YTO yKNOHeHHe JaHHOTO IIpH3Haka OT HOPMbl COMpOBOXx- 
JlaeTcA H3MeHEHHeEM HEKOTOPHIX ApyrMx pu3sHakoB. Tak, cpefHee KOJIMYeCTBO 
S3yO4UMKOB Ha MOCJIeMHEM HeBeTBHCTOM JIy4e CMHHHOFO MaBHMKa, paBHoe 17 y 
Kapacei C yroJIbHO-4epHOH OprowIMHOM, YBeJIMYHBaeTCA MO Mepe «MOCBeTJICHHA» 
BbICTHIKH. Y Kapaceli co cBeTJO-cepol, cepol MH cepoBaTo-4epHOH OprowIMHOK 
OHO paBHo 18, c oueHb CBeTJOM, OM3KOH MO OTTeEHKY K 300TOMy Kapacw, 21 
(KoMueCTBO 3YOUMKOB Ha MOCJIelHeM HEBETBUCTOM JIY4e CIMHHOrO IaBHHKa 
y 300TOrO KapacaA paBHO 28). j } 

AnajloruuHoe H3MeHeHHe mpeTeprieBaeT MIpH3HaK KOJIMY€CTBa THIYHHOK Ha 
depBolt wxaGepHow Ayre. Y cepeOpxHbIx Kapaceli c yrombHO-YepHOK OpIoWIMHOH 
AHCIO THYMHOK B CpefHeM paBHo 48, y Kapaceli c uepHo OpiommMHO 47, Co 
SBeTJIO-CepOH HM O4eHb CBeTJIOH 44 (cpefHee UHCJIO THIYHHOK y 30J1I0TOrO Kapa- 
ta 30). ~ 

Takum oOpa3oM, co3faeTca BileuaTieHHe, 4TO YKJIOHAIONIMHCA OT HOPMBl 
{BET Ne€pHTOHeaIbHOH BbICTHIKH ABJIAeTCH THOpHAHBIM. EcaM cuntTaTb, 4TO TH- 
THUHbIM CepeOpAHbIH Kapacb B 9TOM O3epe XapaKTepM3yeTCA HasIMUHeM HE Me- 
tee uemM 49 THIUHHOK Ha TlepBOH »#KeOepHou Ayre M He Ooviee 17 3yOunKOB Ha MO- 
‘leHeEM HeBETBUCTOM Jly¥e CIMHHOFO MaBHUKa, TO OCOOeH C yrOsbHO- yepHou 
i wepHok OprouIMHOH culelyeT pacCMaTpHBaTb Kak [pefcTaBuTeneH Bla. 
Capacelt c Oonee cBeTNON OpIOWIMHOH pa3JIMYHbIX OTTCHKOB MOXKHO CUHTATb 
‘MOpwaMM C HepaBHOli CTeMeHbIO HaCMeOBaHUA OTILOBCKUX MpH3HaKOB, T- €- 
(pH3HaKOB 30l0TOrO Kapaca. | 

HenocToxHcTBo pasa BORG? y cepeOpsHoro Kapaca oTMeueHO TAKE 


4. HW. Mespumxospm (4) u H. JI. Buspi (?), BappupoBanue oKpacKH OpIowIHHbl 
\ A. Tososuncxon (°). 
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BocnpousBoscTBo cTala cepeOpaAHOrO KapacaA OCyIlecTBIAeTCA Yale BCero 
c yuacTHeM CaMIoB 30/loToro Kapacs. Ho B HEKOTOPbIX MeJIKOBOJHBIX, CHJIbHO 
3apOClIMx O3epax C HeOaFOMpHATHBIM KHCOPOAHbIM pe%KUMOM H HU3KOH KOpM- 
HOCTbIO OOHTAeT TOJIbKO CepeOpAHbI Kapacb, ABJIAIONIMHCA 3eCb eMHCTBeH- 
HIM BHUOM. Ilony.1alluA ero B TAKMX O8epax AByNOaA UM rHOpuAUsallMA C 30,10- 
TbIM KapaceM MCKOUaeTCA, B CBASH C YeM CeLOBaO Obl OMKUAaTb MOMHOTO 
OfHOOOpasuA B OKpacke OpiouIHHbl. Tem He MeHee OHA TaKixKe HMeeT BCe Tlepe- 
XOJbI OT YFOJIbHO-YepHOH MO COBEPIIeHHO CBETIOH C 3OJIOTHCTHIM OTJIMBOM. 

Tax, B 03. Bomakoub (Ypuukoro pahoua), rye UxTHopayHa MpescTaBseHa 
«MOHOKYJIbTYpoi» cepeOpAHOrO Kapacs, yrOJbHO-YepHad HM YepHan OKpacKH 
OTMeYeHI TOJbKO Y MeQJIeHHO pacTymleH Mop Bua (81 sK3emMMIAp M3 355 
TIPOCMOTPeHHBIX); 60 9K3eMIIIAPOB MMeJIH CepoBaTo-4epHylo oKpacky, 66 ce- 
py10, 31 cBetao-cepyro Hu 16 cBeTayio. Y ObicTpo pacTymux Kapaceli, CocTaBJIAtO- 
MX TIPpHMepHO OMY TpeTbIO 4acTb NonyraWHH, U3 149 uccmeqoBaHHIX pbIO 
35 Mes TeMHO-cepyto OKpacky, 52 cBeTM0-cepyto H 27 OUeHb CBeTIY10, C 30J10- 
THCTbIM OTOJIECKOM. 

B He60.IbUIOM, MOMHOCTHIO 3apocuiem o3epKe Kypkyvibak, 3aceJIeHHOM Ce~ 
peOpsAHbIM Kapacem H3 03. Bowlakoulb, T. €. TakxKe B YCJIOBHAX MOHOKYJIbTYPpHI, 
BC€ IIPOCMOTPeHHble pbiOb! (75 wWTYK) MMe 3OM0THCTO-6esyIo OKpacky OproLiy- 
HbI C €/Ba 3aMeTHbIM CepOBaTbIM OTTCHKOM. 

Jla6ubHOCTh OMMCbIBaeMOTO IIPH3HaKa KaK BHAOBOrO MOATBepxKaeTcA He- 
MOCTOAHCTBOM €FO He TOMbKO y CepeOpAHOrO, HO H y 30s0Toro Kapaca. B CHub- 
HO 3apociiiem o3epe YuapkyH-bypau (Kapa6aapikcKoro paliouwa), HaxoJAuleMca 
Ha cTaluu Mepexo_a B 6OIOTO HM HaceJeHHOM TyropocJioli pbiOoH, mpH cOope 
MaTepHaJla B MOJIEBLIX YCJOBHAX He 3aperHCTpHpoBaHO BooOule HH OAHOFO Ka- 
paca c OvlecTaulel GetoH OKpackoH OptowHHBl. M3 10 sk3emnapoB 3010TOrO 
Kapaca, MOABeprHyTbIX CHCTeMaTHYeCKOMY aHasH3y B JaOopaTopHH (T. e. B 
(PHKCHpoBaHHoM Buye)*, | MMe rpxA3HOBAaTO-OebIi UBeT, 4 —cepbilh, 3 — 
TeMHO-cepblii H 2 — yepHBIii, COBEPWIEHHO HeOTAHUMMBIM OT BbICTHIKH cepeb- 
pAHOrO Kapaca. 

Takum 06pa30M, IBeT MepHTOHeaMbHOH BbICTHJIKH KaK TaKCOHOMHYeCKHA 
MIpH3Hak 30Jl0TOrO HM cepeO6paAHOrO Kapacelt o4eHb HeycToHuusB. M3meneHua 
OKpaCKH OPpIOlIHHbI B HalpaBJeHHH MOCBeTJIeHHA ee y cepeOpxAHOrO KapacH U 
MOT€EMHEHHA y 3010TOrO OOYCOBEHb! pALOM (aKTOPOB Kak PU3MOJOrMyeCKHX, 
Tak WM 9KOuOrMuecKHX. ABeHHe THOPHAM3ANMM, KOMMIeKC BHeWIHUX yCOBMH, 
OMpeeIAIOULNX CYHLeCTBOBaHHe J[BYX IKOJOrHYeCKUX MOpd cepeOpAHOrO Kapa- 
CA, KOPMHOCTb BOJOeMOB H, BIIOJIH€ BOSMOXKHO, CTeMeHb 3peMOCTH NOMOBbIX MpO- 
AYKTOB CMOCOOCTBYIOT OMMCaHHOH JaOWJIbHOCTH MpH3HaKa OKpacKH OprouHHbl. 


Hay4Ho-nccleqoBaTeabCKHii HHCTHTyT BOQHOTO xo3alicTBa Toctynuso 
AkaJleMHH CeIbCKOXO3a1iCTBeHHBIX HayK Ka3sCCP 17 VI 1960 
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* Bo Bcex JpyruxX Cilyuatx aHaM3HpoBaHCh XKUBbIe Kapacu, 
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SOOJIOLH fl 


| Jl. H. MEJBEJEB 


O HAXO)KJEHHH HOBOLFO JIS PAYHbI CCCP 
NOJCEMEMCTBA )KYKOB-JIMCTOEJOB (COLEOPTERA, 
CHRYSOMELIDAE, CHLAMYDINAE) 


(II pedcmaeaeno axademuxom E. H. Haeaosckum 9 VII 1960) 


He6o.ibuioe noscemelicTBo 2 yKOB-sHcToexqoB — Chlamydinae, pacer Ko- 
rOporo CBA3aH CaMbIM TeCHbIM OOpa3s0M C TpeTHUHbIM NepHosom, pacnpocTpaxe- 
40 B HaCTOAMee BPpeMA MOUTH UCKJIOUNTeEJIbHO B TPOMMYeCKHX OOACTAX 3€MHO- 
cO Ilapa, He NpeTepneBMIMX CYWIeCTBeEHHbIX H3MeHCHHH B JI€HMKOBbI Mepvog. 
XOTA U3y4eHHe STOM BeCbMa MHTepecHOl KaK B 300reorpadHyecKoM, Tak HU B 
JHOMOFHYeECKOM OTHOINEHHM TpyMMbl 3HayHTebHO MpOABUHYJOCb 3a Mocwe_qHve 
‘OMbI, MHOrHe BOMpOch, mpexe BCero 9KOJOPUA, 300reorpacdua uM usoreHua, 
DeTaIoTCA elle HesaTpOHyTHIMH. 

Tlogcem. Chlamydinae otHocutca kK cekuuu Camptostomata, KoTopaa xa- 
DakTepH3yeTcaA Mpexme Bcero OMOJOrMel JIMYMHOK, CTPOAMIMX CBOeOOpasHLIn 
qexIuK. IlpeactaBuTenH mojcemelicTBa XapakTepu3yloTCA WJIMHApMyueckum, 
.H€Hb KOPOTKMM HM KOpeHaCTHIM TeJIOM, CBEPXY CO C/1O*KHOM H rpyOok cKysbuTy- 
DOH, TaK YTO Ha MepBbI B3riA, CHMMeTPHA OTCYTCTBYeT; YCHKM OObIMHO MHJIO- 
BUAHbIe, UMeeTCA GOposiKa MU AMKA JIA BKMAaLbIBAHMA YCUKa, TpMyem NepBaA 
a@eT OT OCHOBAHHA yCUKa BAOJIb HMKHErO HM BHYTpeHHero Kpas rvia3a, a BTopasA 
pacnoulowKeHa Ha MepesverpyAu, MexKLy NpocrepHyMoM HM Ta3svKom. Hors, cHJb- 
HO YMOUleHHbIe WH M30rHyTble, MOryT MJIOTHO IpwaxkuMaTbcA K Tey. JimuuHKH 
*KUBYT B 4YexHKax (1). 

B wactoslee Bpema u3BecTHO oKon0 500 Buyos Chlamydinae (*), orHocs- 
MIUxca K 7 pOaM, BbIJeIeHHbIM, OJHAKO, COBepUIeHHO MCKyeCTBeHHO, Tak 4TO 
cucTema MojicemelictBa TpeOyeT cepbesHoro mepecmotpa. UTo KacaeTca 300reo- 
rpadvyeckoro pacnpeseteHua, TO B HaCTOsLee BpeMA MOMLaBMAIOULee OOVIbIIMH- 
eTBo BugoB (72%) BcTpeyaetca B Heotpommueckol oOmacTu. MugomanaicKkaa 
OO/lacTb, OCOOeHHO toro-BocTouHad A3MA, ABJIA€TCA BTOPbIM COBPeMeHHbIM KpyIi- 
HbIM IleHTpOM pacnpoctpaHenua Chlamydinae, oTcrofa u3BecTHO OKOJIO 80 BH- 
qos (16%). Sdpuonckas cbayHa BecbMa HeOoraTa M HaCUMTEIBaeT OKONO 4% OT 
pOmero uvcna Bufos. B AsctpamulicKol o6acTH mofcemMelicTBO OTCyTCTByeT. 
Heapktuueckasd 061acTb CpaBHUTebHO OoraTa MpescTaBuTeAMM STO rpynnel, 
HaCuMTbIBAA OKOIO 6% MMpoBOl (cayHbl, OMHAKO OOJbINHHCTBO BHOB BCTpe- 
qaeTCA B ceBepHoli Mekcuke HM OOHapy2KMBaeT ABHbIeE TeHeTHYeCKHe CBA3H 
f HeoTponMyeckoi cbayHoit. Tem He MeHee HECKOJIbKO BHLOB JOBOMbHO WIpoKO 
pacnpoctpanenbi no TepputTopuu CIUA u 3axoyaT axe B Kanany. 

Tina IlaneapKTuKu w3BecTHO B HacTosmee Bpema 11 BugoB (2 %). U3 Hux 
OH BU BCTpeyaeTca B CeBepo-BocTouHOH Adpuke, 6 BuoB B Kutae (M3 HUX 
1 o6muii c Anonuelt), 2 B Kopee u 4 B Snonuu. OcobeHHO MOKasaTeleH B 9TOM 
oTuoleHuu Kurali, 21a KoTOporo yKa3aHo 37 BuyoB (%), M3 HAX B_ tOxHOH, 
B HemasleapKTuyeckor, uactH Kutad vu3BecTHO 32 Bua, iA Chay anu 3 Bula, 
asa Bocrounoro Kuras 3 suga, a u3 CepepHoro Kutaa Chlamydinae Boo6ule 
HeM3BeCTHBI. 

KONOHA HW OHOMOFHA TpyMMbl MOUTH COBeplIeHHO He W3y4eHbI, XOTA, HECOM- 
HeHHO, MMeIoT OCOOeHHbIM MHTepec B CBASH C OPHIHHaIbHOM KPHMTH4YeCKON 
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cbopmoli Tea umaro. XapakTepHas, OWeHb COKHAA HM rpyOaA cKysbMTypa 
BepXHefl CTOPOHI Tela, B 3HAYMTeEIbHOM Mepe CKpasbIBalollad CHMMeTpHioO, H 
OObIVHO MOKPOBUTeIbCTBEHHAA OKpacKa upesBblyaiHO TOUHO HMMTHpyeT Ko- 
MOUKH MOUBbI, CYXOMH TIMHbI, 9KCKPeMeHTbI TyYCeHHIL HM T. I. 

Jletom 1956 r. asTopom Oblia coOpaHa cepua 9K3emmispoB Chlamys pubi- 
ceps Chujo B IIpumopckom kpae, B palione moc. Kpackuno (160 km toxxHee Bo- 
pommMulopa-Yccypuiickoro). OHOBpeMeHHO yjlaJl0cb IIpOBeCTH HeKOTOpble Ha- 
OMOeHHA MO 9KOMOrHH 9TOFO Bua. B oKpecTHocTax KpacKHHO OH Obl Halex 
TOJbKO Ha OTKPBITBIX, CYXHX, XOPOWIO MporpeBaeMbIx CTalMAX, B YaCTHOCTH 
B pa3pPexKeHHBIX YOHAKAX Ha 1OXKHHIX CKJIOHAX COMOK, MpeMMylleCTBeHHO Ha 
JIMCThAX pa3JIMYHbIX TYOOMBETHBIX, OTJeJIbHbIe SK3CMIVIAPbI OTMeYaJIMCb Ha. 
JIMCTbAX MaJIMHbI. )KyK BbIrpbi3zaeT HeOO/IbIIMe yuacTKM sHcTbeB. IIpu mauei- 
wei OMaCHOCTH OH MJIOTHO NpWxKMMaeT HOF HM YCHKH K TeJly M MayaeT Ha 3eM- 
JO, re OOHAPyXHTb ero COBeEPIeHHO HEBO3MOX*KHO. 

Tlo3aHee, up o6paO6oTKe MatTepHasioB SoolorMyecKkoro UHCTUTYTa 
AH CCCP, Obit o6HapyxxXeH elle OLMH 9SK3eMIIAp 9TOrO HHTepecHoro Bua 
43 IIpumopexoro Kpas: TopxHo-taexkuaa ctanuaa AH CCCP, 22 VIII 1937 r. 
(E. CremaHos). : 

Chlamys pubiceps Chujo Opin onucan c wora Kopen (?), mo3qHee oOHapyxKeH 
B Kutae. CreqoBaTesibHO, HaxovwKeHve ero B 1OxKHOM IIpuMopbe He ABJIAeTCA 
O¥eHb OoubUIOM HeowkUAaHHOocTHIO. Ho nockoubKy moscem. Chlamydinae copep- 
WeHHO He xapakTepHo Jia [laneapKTHKM M lO HaCTOAMero BpeMeHH U3 ee 
TIpeleJIOB U3BeCTHO JIHIb HECKOJIbKO BHJLOB, IIpeHMYlIeCTBeHHO M3 paHoHos, 
rpaHuualnx c ApyrHmMu 300reorpaduyeckuMu OOsaACTAMH, HaxomwKeHve mpes- 
CTaBHTeIAH STOTO MoscemelicTBa B lpesesax CoBetcKoro Co1w3a mpescTaBider 
GeccnopHbIit 300reorpacduyecKuii HHTepec HM 3HA4UTeJbHO YTOUHAeT CeBepHyI0 
rpaHully apeajla Kak Bua, Tak MH ToOscemelicTBa. 

B weaom dayny Chlamydinae Ilaneapxtuyeckonw nofoOmacTH culeqyeT npu- 
3HaTb XapaKTepHbIM 9JIEMCHTOM HHJOMaIaHCKOH (ayHbl, MpOHHKarouleH MecTa- 
MH JlocTaTouHo flameKo B Ilaneapxtuxy. [TlocKompkKy BpAy, JM MOXKHO TOBOPHTh. 
O IIPOHHKHOBeHHH 9TOrO TlosceMelicTBa B Oosee ceBepHble paloHbl, ropa3qo 
IpaBWJibHee MpH3HaTb Ooslee WHPOKHH apeasl MosceMelicTBa B TpeTHUHIM Me- 
Po M 3HauHTeIBHOe COKPalleHHe, a MeCTaMH HM paspbIB ero B HacTosilee Bpema. 
B 9ToM cMbIcie maleapKTHueckyio dayHy Chlamydinae moxkHOoO o603HaunTb 
KaK Pe€JIMKTOBYIO. 

Tloctynuuio 


3oomormueckHit HHCTUTYT 
Akajemuu HayK CCCP 1 VII 1960 


WMTHPOBAHHAA JIATEPATYPA 
1S. H. Chen, Sinensia, 11, Ne 3—4, 189 (1940). 2M. Chujo, Trans. nat. Hist. 


Soc. Formosa, 30, 396 (1940)¥ "2 J. «L. Gress iit ty) Ann: entomole Socy Ati 39 od 
(1946), *F. Monros, Acta Zool. Lilloana, 10, 489 (1952).3 
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Jloxxagp AkayemMun nayr CCCP 
1961. Tom 136, Ne 1 


AH ATOMH #1 


jl. fr. JOBHHEP 


HOBOE Ob APAHILHEBOM IIPOTOKE 


(IIpedcmasaeno akademuxom H. H. Anuukoeoim 5 VII 1960) 


B 1564 r. IOnnyc Apanuno (+) BrepBble yKa3ai1 Ha CytlecTBOBaHHe y 9MOpKo- 
HOB MJICKOMHTAaIOWIMX CMelMalbHOrO MpoToKa, CoeAMHAIOWLerO BOPOTHY!O BeHY 
C HWKHeH Mono. JluTepaTypa 06 9TOM CocyJe, NOJIyYHBUIeM Ha3BaHHe apaH- 
IlMeBa MpOTOKa, BeCbMa He3HaYdUTeIbHa. OTO OObACHACTCA TeM, UTO, IO MHEHHIO 
pala uccnenopatenen (7, *, °, °, 1°), aHacTOMO3 3TOT CYILeCTBYeT TOJIbKO B Ie- 
PHOA BHYTPHyTpoOOHOrO pasBUTHA M1Ofa Kak COCy, NepBHYHOM BeHO3HOH ceTH, 


Puc. 1. Tloptambuaa Benorpamna meuyeun. M. 37 mer. a — 
apaHIdeB MpOTOK, x. fn. 6. — HHKHAA Moat BeHa, nm — Mly- 
mouHad BeHa 


Tloce pOxkeHUA OH BCKOpe 3allycTeBaeT HM MpeBpalljaeTcH B *UOpPOSHBIA TAK. 
Takasad TouKa 3peHHA MpuBesa K TOMY, YTO H3y4eHHe apaHIMeBa MpOTOKA BeJIOCh 
IIPeMMYMIECTBEHHO C TOYKH 3peHHsA ero IMOPHOHAIbHOTO PasBUTHA. B moctHa- 
‘TaJIbHOM TlepHofe OH H3YYeH B HEKOTOPOM CTeMeHH y HOBOPOMKACHHBIX M COBEp- 
‘(eHHO He M3y4eH y B3POCJIbIX soe. OO apaHItHeBoM IIpoToKe y jetet B 1901 r. 
nucan A. A. Huxutun (1). Bosee mo3qHux cielvasbHbIx paOoT oTeveCTBeHHbIX 
ABTOPOB 06 apaHI\HeBoM MpoToKe Het. B coppemeHHOoH MHOCTpaHHOH JIMTepatype 
- TpeoOulayaioT cTaTbu, KacaloulMecd sMOpMoreHesa MpoToKa (7), ero pa3BHTHA 


y HOBOpowKeHHBIX (°), AHOMaHM cocysa (@)s 
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Hamu Obl0 MpeANpMHATO chelMabHoe UccileqoOBaHue MOpdoslorHu apaH- 
lHeBa IIpoToKa y B3pocuIbIX Hoel. M3yuenuio Obl nosBepruyTst 106 KommueK- 
CHBbIX IIpellapaTOB HeyeHH, B3ATLIX OT TpyHOB Jose B Bospacte oT 26 Ao 78 wer, 


Puc. 2. 

Ba MpoToKa pH WAppose meyenH. M. 56 

JleT. 6 — BOPOTHAA BeHa; OCTAJIbHbIe 060- 
-3HaveHHA Te 2Ke, YTO Ha pu. | 


Koppo3HOHHbIi ClemokK apaHiHe- 


COBMECTHO C JOCTATOUHON JJIMHbI OTPe3Ka- 
MM BOpOTHOH HM HWXKHeH NMoJIOH BeH, C TeM 
YTOObI APAHIHeB IpOTOK, ToMorpadpuyecku 
pacnoJOKeHHbI Mey STHMH JBYMA CO- 
cyaMH B 3afHel 4acTH JIeBOH MpoLObHOK 
Oopo3 {bl NeYeHH, NOJIHOCTbIO OblJI COXpaHeH. 

Kpome Toro, ObluIH MapawenbHO u3y- 
yeHbI 15 TaKHX 2%Ke€ KOMMVJICKCHbIX Mpema- 
paTOB, B3ATbIX yY 2MOPHOHOB, MIOOB, HO- 
BOPOXKeHHBIX HM TpynoB jeTe MepBoro 
Mecalla %KM3HH. 

Metoyuka W3y¥eHHA Oba KOMOMHUpO- 
BaHHOH: TpelapHpoBaHue, onpeseswenve 
H3MepUTeJIbHBIX TpPpH3HaKOB, Basorpaua, 
U3rOTOBJIGHHe KOPpO3HOHHIX penapaToB 
uM PrucToTonorpapvyeckux cpesoB. Pentre- 
HOWOrH¥eCKUH WM KOPpO3HOHHbIM MeTOIbI 
WIA M3y4YeHHA aHATOMHM apaHIveBa po- 
TOKa Y B3pOCJIbIX Jose paHee HHKeM C 
STO IesbIO He TpHMeHsAMcb (puc. 1, 2). 
OcHOBHOH BbIBO MpoBeseHHoro Hccwejo- 
BaHHA COCTOMT B TOM, 4TO B MOaBiIAtO- 
ileM O60buIMHCTBe csryuaeB (100 uz 106, 


T. e. 94,3%) ycTaHOBeHO HaslM4une mpoxoxumoro (HeOGJIMTepHpOBaHHOrO Ka- 
Hala apaHWWeBa MpOTOKa Ha BCeM IIpOTAKeHHH Y B3pOCJbIX OJeH. Bo scex 


S9THX CyYaAX Yepes MpOTOKH yfa- 
BaJlIOCb IIpOBeCTH 30HJbI pa3viMy- 
HOrO J\HaMeTpa, 3aNOHATb UX 
KOHTpacTHbIMH Maccamn. Tuctosio- 
ruyeckoe HcCJleloBaHve He BbIA- 
BHJIO OOJHTepalwu: BHYTpeHHAA 
MOBEpXHOCTb cocyfla Oblla riay- 
KOH, OJlecTAMleH, cocy B WesOoM 
OTYCTJIMBO COXPpaHHJ CTpoeHHe Be- 
HOSHOH CTeHKH (pc. 3). Creqosa- 
TeJIbHO, HYXHO TOBOPHTb He O 
MOpdowJiorMyeckoH  oO1uTepalluu 
MpOTOKa, B MOCTHaTaJIbHOM Mepu- 
oe, KaK 3TO cehuac OOmlenpHHsA- 
TO, a2O ero (PYHKWMOHAIbHOM 3a- 
KPbITHH. 

Bo sBcex 6€3 HCKOUeHHA CuTy- 
yaiX apaHIMeB MpoOTOK 3aHWMaJ 
3alHIOlO YAaCTb JIEBOK MpOLObHON 
Oopo3bl MeveHH, COeMHAA JeBYIO 
BeTBb BOPOTHOHM BeHbI C JIeBOH Te- 
YeHOUHON BeHoH (B 88% cmyuaes) 
JI@BY!0 BeTBb BOPOTHOH BeHbI He- 
TocpeCTBEHHO C HM KHEHM TOON 
BeHou B 12% cyuaes. OOuan LaMn- 
Ha apaHIlMeBa fpoTOoKa BecbMa 
Bapbupyer. B cpeqHem oHa paBHa 
38 MM (mpeyembl Koe6anuin 24 — 


Puc. 3. Pucroronorpactuyeckuh Cpe3 uepe3 cepeyy- 
Hy apaniuepa mpotoka. M. 36 ser. Uerko BLIpakeH 
IpocBeT H OKpyxXaloulHH ero Ha BCeM IpoTAKeHHH 
cocyAucTBI SHLoTemMM. B cpenHeH oOolouKe mpe- 
o6JaqaeT pbIXJai BONOKHHCTaA COeMHHHTeIbHaA 
TKaHb. TobKO MeCTaMH — MbIIMeuHBIe MyykKH. B 
Hapy2KHOH O60/10uKe — TWIOTHAA BOJIOKHHCTaA CO- 
C€IMHHTeIbHad TKAHb. OxkpacKa TeMaTOKCHJIHH-90- 
SM OOw4 OOK sax 


50 mm). Kak npapuno, Kaiu6p yoxe y nopTambHoro ycTbaA MpoToKa H wWMpe 
y KaBaibHoro. CpetHuii AMaMeTp apanuMepa npoToKa Ha MpoTaxeHHu 
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3,6 MM (npefesbl KoueGanuit 1,5 —4,2 mm). Ormeueno snagenve B IIpOTOK 
Ha ero MpoT#KeHHuM 2—4 MeKUX BeH JuameTpom 0,6—0,8 mm. B cayuae Ha- 
CTYMM€HHA H3MCHEHHH B KpOBOOOpaNleHHM MeueHH B CBASH C MOpTabHBIM 6.10- 
KOM, Ha apaHIMeB NpOTOK BHOBb MalaeT BospacTaiomlad cbyHKIWMOHaIbHad Ha- 
Tpy3ka, MyJbCOBad BOJIHa HeMpepbIBHO aTaKyeT ero, M OH, OyAy4n TOMbKO 
CMaBUIMMCH, 3aKPbITBIM PYHKUMOHAIbHO, HaYHHaeT paciIMpATECH HM MOXKeT 
BHOBb CTaTb aKTHBHO (YHKUMOHMpyioulHM cocyom. Mp y6equaHcb B 3TOM Ha 
BCeX MMEBUIMXCH B HallleM pacnopxxKeHHM MpenapaTax WMppoTH4ecKux meuye- 
He WM NWedeHeH MpH PaKkOBbIX MeTacTa3ax (puc. 4). Bo Bcex cayyanx Wupposa 
WM paka MeveHu WMaMeTp mpotoKa Opi 4,6—5,1 mu. IIpu stom cpequult quamerp 
_Yy mopTaibHoro ycTba paBHsvica 3,4; y KaBasbuoro 7,8. 


18, 


Puc. 4. ToptaibHad BeHorpamMa meueHH mpH MeTacTaTHye- 
ckom pake. M. 48 wet. 0 — yuacTKH ONyXOJleBbIX MeTaCTAa30B; 
OCTaJIbHbIe OG03HaveHHA_Te *%e, YTO Ha pric. | H 2} 


IIpoTok pe3ko paciiupeH, CTeHKa ero M0 BceH OKPyKHOCTH yTouMeHa (0,8— 
1 MM, BMecTo o6pluHbIx 0,2 mM). B mpocBeTe, ocoGeHHO B HauaIbHOW uacTH, 
BCerfla HAXOMATCH CryCTKH KPOBH, MpPOTOK BeCb HaTAHYT, Kak Obl paszyt. Dop- 
Ma IIpOcBeTa BMeCTO BbITAHYTOM IleJIM CTAHOBHTCA KpyrioH. OHOBpeMeHHO 
HacTyMaeT WM CTPyKTypHad MepecTpolika CTeEHKM MpOTOKa: YMeHbWaeTCA 4MCJIO 
COCIMHUTeIbHOTKAHHBIX 3JIEMeEHTOB, OTMe4aeTCH TipeoOlalaHWe AKTHBHbIX MBbI- 
WICUHBIX 3JIEMeHTOB. Y UcceqOBaHHbIX Hamu 10 HOBOpOKTeHHbIX, YMepIuux He 
paHee nepBbix 18 zHeli moce pox JeHHA B OMHOM CJlyyae ObLIO KOHCTATHPOBaHO 
MOHOe *yYHKIMOHAabHOe He3sakpbiTHe mpoToKa. IIpH MHbeKMMH KOHTpacTHOoro 
BeUeCTBa Yepe3 BOPOTHY!O BeHY Ha OOMLeH NOPTaIbHOM BeHOrpaMMe YeTKO oMpe- 
TeldeTca MpOxosuMblli apanuves mpoToK. JIiO0e sanasibiBaHve C 3aKpbITHeM 
apaHIHeBa TpoToKa, M0-BHAMMOMY, MOXKeT BbISBaTb PAL (PYHKUMOHAIbHbIX Ha- 
pyWleHu M maTomoru4yecKHx CHHIpoMoB. SaOpacbiBaHHe MOpTasbHOH KPOBH B 
Vv. Cavae, H HaOGopoT, moBMeueT B pAe ClyyaeB pacmpocTpaHeHve TpOMOOB HU 
BooOMLle pactipocTpaHeHve MaTOsorHyuecKoro Mpowecca C OLHOM CHCTeMbI Ha [py- 
ryrio. Mexay Tem ceMHOTHKa HapylleHHii MpH MepcHcCTHpyrolleM MpoToKe Jo 
‘CHX Op KJIMHM4eCKM He BbieseHa, H CHHAPOM HesapallleHHA apaHiHeBa Mpo- 
TOKa He J\MarHocliupyeTca KaK CaMOCTOATeIbHaA HOSOOrMyecKad chopmMa 3a6o- 
JIeBaHHA, Kak, HallpHMep, CHHApOM HesapameHuA Apyroro cocya 3apojpiiie- 
Boro KpoBooOpalleHud — OoTanoBa mpoToKa. B To *e BpeMA HeCBOeBpeMeH- 
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Hoe 3aKpbITHe apaHllMeBa MIpOTOKa, HECOMHEHHO, CBA3aHO C He MeHee TAKKUMH, 
HO MeMwleHHee, HCHOLBOUb, PaSBUBalOLLMMUCA HM 3HaYHTeIbHO TpyAHee AMarHo- 
CI[MpyeMbIMH paccTpolicTBaMH, TO CilekyeT YYMTHIBATb B MeAMUMHCKOM Tpak- 
TuKe. B CBxA3H C MOsJYYeHHbIMH HaMH JaHHbIMH O (PyYHKIHOHaJIbHOM (a He aHaTo- 
MHYeCKOM) 3aKPbITHH apaHilWeBa MpOTOKa, MOXHO ObLIO MpeAMOMOKUTL, TO 
IIpH BHYTpHMeyeHOUHOM TOpTaIbHOM O10Ke, CBA3AHHOM Yale BCero C WHMppo- 
3aMH MeueHH, YCHIMBaolladcd Harpy3Ka Ha MpOTOK, KaK Ha MpefcyulecTByto- 
WM MOpTO-KaBaJIbHbIi AHACTOMO3, BbISOBeT eFO «BO3POKMeHHe», T. €. pacwin- 
peHHe mpocBeTa Cc HocweXyIOUMM BOCCTaHOB/IeHHeM KpoBoToKa. Mobi jlelicTBH- 
T@JIbHO HalllIM MpOTOK HeOObIyHO paciiupeHHEIM Ha 10 MpenapaTax naTomoruue- 
CKH H3MeHeEHHOM MeyeHH, KOTOpble Mbl HccJeqOBaH. OlHako HanOomplee pac-. 
IHpeHve WM HayaJlIO BOCCTAHOBJICHHA IIPOXOAMMOCTH BO BCeX STHX CIydaAX Obls0- 
TOJIbKO CO CTOPOHLI BOPOTHOM BeHbI MpuMepHO Ha 1,5—2 cm No AWIMHe MpoToKa 
B CTOPOHY HWKHe MOOM BeHBI. 

B cBa3H C 9STHM HaM NpelcTaBIAeTCA BMOMHe ONpaBLaHHOH MOMbITKAa OCyile- 
CTBJICHHA peKaHaH3allMH HauMHaIOMlerO OTKPHIBATbCA apaHIMeBa TpoToKa pH 
Wupposax meveHu. CBoeBpeMeHHOe HCKYCCTBEHHOe OTKPbITHe STOO paHee PyHK- 
I[MOHMpOBaBILero, TpeACyUleCTBYIOULerO MOWLHOrO MOPTO-KaBaJIbHOrO aHacTOMO- 
3a IIpeAOTBpaTHT, B UaCTHOCTH, HaCTyMJeHHe paCWIMpeHHA BeH TIMUeBO,a U 
CBA3aHHOe C STHM, YaCTO CMePTeJIbHOe KpOBOTeyeHHe M BOOOULE MO*KET CTATb. 
TOCTOAHHO J{eHCTBYIONIMM (baKTOPOM KOMMeHCalMH NOpTabHOM TunepTeH3uu. 


CraJiMHCKHH TocyapcTBeHHbI MeJHIMHCKHH WHCTHTYT Tlocrynuuio 
um. A. M. Toppxoro 21 VI 1960 


UHMTHPOBAHHAA JIMTEPATYPA 
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culum, Roma,1564. A. °E. Barclay, Ko” Yor made gemeonit. 9), raiOly 
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Jorzaygn Akagemun nayk CCCP 
1961. Tom 136, Ne 1 


PHSHOMOLH A 


A. A. CAXAPOB u Kartaaun BEPEIL 


M3MEHEHHE YYBCTBUTEJIBHOCTH K CTPHXHHHY 
B XOME OHTOTEHE3SA PE®JIEKTOPHOFO AKTA 


(ITpedcmaeaeno axademuxom A. H. Baxyaesoim 4 VII 1960) 


BospacTHble H3MeHCHHA YYBCTBUTeJIbHOCTH HepBHOM CHCTeMbI K CTPHXHHHY 
ONMCaHbI HEOJHOKpaTHO, B YaCTHOCTH Ha amcpHOusx (1, *), OWHAKO OCTaBasOCb 
HeACHBIM, C KAKHMH MMeHHO (PYHKILMOHAJIbHBIMA CABHraMH B pa3sBuBatorlelica 
HepBHOH CHCTeMe COMpsxKeHbI STH H3MeHeHHA. Ham Kasawocb, 4TO WA pellle- 
HHA JaHHOrO BOoMpoca HelpuroyHa NpMMeHABLIAACA OOBIUHO perucTpaluA 103 
CTPHXHHHA, BbI3ZbIBAIOINMX CYMMA4PHbIN TOKCHYeCKHH 9cpdeKT Ha WeJIOM XKHMBOT- 
HOM, a TpeOyeTcA OlleHKa JeHCTBHA CTpHXHHHa Ha MHAMBUAyaJbHbl pedexk- 
TOPHbIM aKT Ha pa3HbIX 9Talax ero OHToreHesa. 

JIvTepatypa Mo OHToreHe3y HepBHOH JexATeJIbHOCTH JlaeT OCHOBaHHe MOVIa- 
TaTb, 4TO CaMble pasJIMUHble pedieKCbl MpeTepMeBaioT B XOe CBOeTO pa3sBUTUA 
HEKOTOPble 3AKOHOMepHble *asbl: CHauala BeMUnHA pedeKca JlocTHraeT upes- 
MepHBIX (MO CpaBHeHHio CO «3peJIbIM» pecpIeKCOM) pa3MepoB, 3aTeM OHa TIOCTe- 
Tl€HHO YMeHbIaeTCA HU, HAKOHEL, YCTAHABJIMBaeTCA Ha OTHOCHTEJIbHO yCTOHUH- 
-BOM ypoBHe. B uacTHom cyuae, LA ycuoBHoro pediexca, V1. I]. Tlapnos, kax 
M3BECTHO, Ipe(IOKU B OTHOWICHHH NepBbIX JByX (pas TepMHHHI «reHepaJiv3a- 
IMs» WH «KOHIeHTpalud», HMeaA B BMY pasBuTHe BO3OyANTeIbHOrO, a 3aTeM 
TOpMO3HOrO TpoteccoB. CxoHble (pa3bl MpocexUBaIOTCA HM B OHTOreHese 6e3- 
ycoBHoro pedbiekca (*). ONHHM H3 Hac OblIO paHee MOKa3aHO, 4TO STH (pa3bl 
OWCHb JEMOHCTPaTHBHO BbIABJIAIOTCA B XOe SMOpHoreHesa [MWaBaTebHOTO pe- 
qpiekca y 3apospumlei akconoTaa (4) HM urauctoro TpuTona (*). B HacTosmel 
paOoTe 4YBCTBHTebHOCTh IaBaTeJIbHOrO pediekKca K CTPMXHHHY OlleHHBa- 
JiaCb Ha pa3JIMGHbIX CTaMAX pa3BHTHA Camoro pedsekca. Hamu onpitel ABIA- 
FOTCA YaCThIO HCCMeELOBAaHHH, BELYULUXCA MOL oOMIMM pyKOBoZcTBoM X. C. Kou- 
TOAHWA U OTHOCAIUXCA K MpoOmemMe XHMH3MA HEPBHbIX MPOIMeccos. 

Beero ucnomb30BaHo 9 KakoK HKpbl HrviucToro TpuToHna Pleurodeles waltli, 
MIOJIYYeHHBIX B NaOopaTOpHBIxX ycIoBHAx. B KaxKOH KalKe JIA onbiTa OTON- 
pau 200—300 uKpHHoK, OHOpOAHBIX MO CTaqMH pa3sBHTHA M BHeLIHeMy BH- 
ay. C MoxABNeHveM MepBbIX MbICUHbIX JBWKeEHHH 3apOfbIlMeH HsBeKaJM U3 
AUMeBLIX O6oMOKeK. B Tpex cepHAXx (KaKax) Moce NOABIEHHA MlaBaTeJbHOrO 
pedaekca (T. €. peak NocTymaTeJIbHOrO MlaBaTeJIbHOrO OpocKa B OTBeT Ha 
TaKTHAbHOe pa3—ipaxkeHHe BOJIOCKOM XBOCTOBOM 4aCTH 3apofblla) BeTMYMHy 
pedbekca W3MepaH H30 JHA B eHb. B COOTBeETCTBHH C IpHHATOH MeTOAMKOH 
(4), BeHuMHy pedslekca BbIPaKaH B YCJIOBHBIX e€AMHHMax MpOTAxKeHHOCTH 
MaBaTeIbHOrO Opocka; STY BeHUMHY MOyuaM Kak cpefqHee U3 W3MepeHHi 
pedsekca Ha rpynme u3 6—8 3apopbuel (M4uMHOK) M0 25 pa3 y KarxKoro. 

ONEHITbHI Cc exKeHEBHbIM H3MepeHHeM pedbleKca MO3BOJAIOT CYHTb O HOp- 
MaJIbHBIX KosleOaHHAX B CpOKaX HaCTYIWICHHA OTJeJIbHbIX (has pasBHUTHA pe- 
(biekca. Bio BBISCHeHO, 4TO MOABJIeHHe MlaBaTeJIbHOrO pediekca HaOJIO- 
laeTCA B pa3HbIX Kaqkax Ha 8—9 fleHb pasBUTHA. SaTem UJeT casa KpyToro 
HapacTaHud BeIMYHHbI pedeKca, npososKarouladca Jo 14—16 AHA pasBuTua, 
mocle Yero BeMMUMHA pedbileKca HauHHaeT peskO ymMeHbulaTEca. Ha 18—20 neHb 
pasBUTHA BeM4unHa pedeKca CTaOHJIM3UpyeTcA, M 3TOT MOMeHT, CBHJleTeJIb- 
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CTBYIONLMH O (USMOMOrH4YecKOM «COspeBaHHH» pedlekca, COMpOBOwaeTcA Bark- 
HbIMM OMOJOrMYeCKHMH H3MeCHeEHVAMH: 3aBeplilaeTCH BbIKJICB KOHTPOJIbHBIX 3a- 
pokbune u3 oSo0veK UM pesopOWWA 2%esTKA, NOABIAIOTCH AKTHBHbIC JIMYMHOY- 
Hble MHUeBbIe peakItHH. 

OcHoBbipasch Ha JaHHbIX O (pasax HOPMAaJIbHOrO CTAaHOBJIeEHHA pedjeKca, 
MbI HCIbITaJIM Ha pa3HbIX JHAX PaSBUTHA YYBCTBUTeJbHOCTb €rO K CTPHXHMHY. 
Jia SToro B CTaHapTHbIX yCJIOBMAX OMbITa U3MepAIH BeHYMHy pedjleKca 
Y 3aposbuneli WIM JIMYMHOK, COfep2KaBLIMxCA B TeueHMe 4aca Meped U3sMepe- 
HHeM pedleKca B pacTBOpe a30THOKHCJIOPO CTPUXHMHA OMpeeJICHHOH KOHICHTpPa- 
wun. Hy2KHO 3aMeTHTb, YTO YaCOBOe BbIep2%KUBaHHe B CTPUXHMHE HE BbISbIBAIIO 

CAMOMPOH3BOJIbHBIX  IaBaTeJIbHbIX 
yon edur WIM WHbIX J{BHKeHHH: 3apoOjplilH, 

140 it KaK HW B BOJle, JexKaIH CHOKOMHO Ha 
yHe cocya, H eHcTBHe CTpHXHHHa 


| 

EN 
Us }\ @ 2. oTpaxkanoch TombKO Ha BeaMUHHe 
A i ee pedsIeKTOPHOrO MylaBaTeJbHOrO Opoc- 
100 duane Ka. B OTJeJIbHBIX ONbITAX HCIbITbI- 
y | Balloch lO 14 KOHWeHTpalui cTpux- 
S 80 | HHA, MIpHrOTOBJIEHHbIX MO JorapHdp- 
= ee MHYeCKOH IWkKasie. Bcero TakHX OMbI- 
g 60 rr \oae? TOB, XapaKTepus3yioulNx onpejeJeH- 
y Ay oe HbIM JeHb pa3sBuTuA, OblIo0 26. Koun- 
3 40 ol YeCTBO B3ATbIX B Ka?KJ\OM OIbITe KOH- 
porn 1 IeHTpauM CTpHXHHHAa JIMMUTHpOBa- 


JOCb UMCJIOM 3aposbileH. B KaxKon 
KOHICHTpalluM HCIbITHIBAIOCh 6—8 
3apomblueH, MpHYeM OMH M TOT xe 
3apOAbIMI HAKOrLa He OpavicA B OMbIT 


FT iy dt eG eT ERO PT a 
-lg Konyenmpauuu empuzHuxa(e/mn) 


MOBTOPHO. 
Puc, 1. SaBucuMocTb BeHYHHbI MWiaBaTeIbHOrO B ie Bbie AHM NOCHe NOABICHHA 
pepslekca OT KOHLeHTpauHH pacrBopa crpuxHu- Y SAPObIlMen NaBaTebHOrO pedseK- 
Ha Y 3apojplulei HrmncToro TpuToHa. 1 —s3apo- Ca JleHCTBHe CTPHXHHHA BbIABJIAeTCHA 


Abin 9 HA, 2—11 qHA H S—13 AHA pasBHTHA =o B OTHOCHTeJIbHO BbICOKHX KOH- 


IleHTpalluax (Tlopor paBeH | -107 ’r/ma) 

HM BbipayKaeTCA B YMeHbIUIeHHH BeJIH- 
YH! pedbekca (pvc. 1, /). B nocuexyioure AHM JelicTBHe CTPuxXHMHAa CTAaHOBUTCA 
HeEOHOSHAUHBIM: CJlaOble KOHIEHTPallMM BbISbIBaIOT yBesMueHHe NpOTAKeCHHO- 
CTH MJlaBaTeJIbHOrO Opocka, a CHJIbHbIe — ee YMeHbINeHHe; CTPHXHHH MpoAB- 
JIACT CBOe JeHCTBHe BCe B OOJbIUMX pasBeyeHvax (puc. 1, 2). Mospmuenve uyB- 
CTBUTCJIBHOCTH K CTPHXHHHY poOdouKaeTcA HM B MOCMeLyIOULWe HH, COOTBET- 
CTBYIOULHe 3aBeplleHHIO NepBOH :a3sbl OHToreHe3sa pedueKca. IIpu sToM KpHBaa 
3ABHCHMOCTH BeJIMYHHbI pedNeKca OT KOHUeHTpalMH CTpHxXHWHa CTaHOBHTCA 
Bce Oovlee CO*KHOH, B HeH BMeCTO OAHOTO NOMbeMa MOABIAIOTCA Ba WIM He- 
CKOJIbKO, NOPOroBax KOHICHTPallMs CMelaeTCH B CTOPOHY CHJIbHbIX pasBejle- 
Huu (puc. 1, 3). OueBuyHO, Bce 6ombUee uNCO YYBCTBUTEJIbHBIX K CTPHXHHHY 
TKAHEBbIX SJICMCHTOB HaYMHaeT CKA3bIBATbCA Ha BeMYMHeE pedekca. Ha 9ToW 
MeHAIOMCHCA H30 JHA B @Hb KPHBOM HY%KHO ObIIO BbIOpaTb KaKYy10-TO TOUKY, 
KOTOPaA CJLyKMa Obl LOCTATOUHO ONpPeeeCHHbIM KOJIMUeCTBEHHLIM MoKasate- 
JIM YYBCTBUTEJIbHOCTH K CTPHXHHHy. 

J(u STO We MbI-B3AJIM TOUKY, Mosyyaroulyioca B pesyIbTaTe mepeceye- 
HUA OCH aOCILMCC C JIMHMeH, MpoomKaroleli HUCXOMAULYIO, JeByI0 YaCTh 9MNH- 
pHuecKH NowyyeHHOH KpuBoi (HanpuMep, Touku A’, A”, A’”’ na puc. 1) u 
COOTBETCTBYIOULYIO MHHHMAJIbHOH KOHIeCHTpallM CTpHXHHHa, Ip KOTOpOM mMla- 
BaTeJIbHAA PeaKUMA MOIHOCTbIO TepAeT MOCTYNAaTebHbIM XapakTep, T. e. Kora, 
OYCBHAHO, MOMHOCTbIO HapyllaloTCA PelMNMpPOKHbIe OTHOWICHHA B JIOKOMOTOP- 
HOM alinapate. 

OmpexeMB yKa3aHHyI0 TOUKY MO BCeM ONbITaM, Te 3TO ObINO BO3MOXHO, 


MBI NOJY4MJIM MTOrOBY!IO KPpHByl0, pescTaBeHHy1o Ha pc. 2. Kak BuAHO US 
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PHCyHKa, NepBOHAYaIbHO HH3KaA YYBCTBUTeIbHOCT pedleKca K CTPHXHMHY 
C Ppa3BUTHeM 3apo/blllla yBeMuMBaeTcA Oonee 4em B 100 paz. IIpexpamenue 
HapacTaHWA YYBCTBUTEJIbHOCTH IIpOMCXoOAUT OKONO 16 JHA X%KUB3HH, T. e. HMeH- 
HO Tora, Kora B HOPMAJIbHOM pa3BHTHM pedjieKca OTMeyaeTCA MepeOMHbIlit 
MOMeHT — Tlepexof, OT (ha3bl yBeMYeHHA pedieKca K (base yMeHbINeHHA ero 
BeJIMUMHBI. 

CaelyeT OTMCTHTb, 4TO NOPOroBad KOHIWeHTpallHa CTpHXHHHa, BAMAIOULAA 
Ha [aBaTeJIbHbIM pedieKkc, y HavOojee NO3fHUX M3 HaGOMaBUIMXcCA HaMH 
JIMUMHOK (B BOspacTe OKOJO MeCaIa) COOTBeTCTBOBasla mpuMepHo | - 10°1°— 
1 -10-"1r/ma, T. e. MO 3TOMy MOKa3aTewio 
UYBCTBHTeEJIbHOCTh pedieKca K CTPHXHUHY 
BbIpocla mpHMepHo B 100 000 paz (cm. 
puc. 2). OqHaKO y pa3HBIX BO3pacTOB M10- 
PpOroBaxA KOHIeEHTpalWA CTPHXHHHA MOM*KeT 
JCHCTBOBaTb Ha pa3Hble TKaHeBbIe 3J1e- 
MeHTEI. B To xe BpeMA H30paHHEllt Hamu 
NOKasaTeb (MHHUMAIbHAA KOHIMeHTpallna, 
MOJHOCTbIO CHHMalollad mocTynaTebHOe 
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waBaHHe) HOCHT ACHBIN dbusHoNOrMuecKHit 
CMBICJI H, KAK MOXKHO BHJeTb, aeT oTUeT- 
JIMBY¥O KOPpeJIALWHIO B CBOHX H3MeHeHHAX 
C OHTOreHeTHYeCKHMH CTaMAMH pa3sBUTHA 
camoro peviekca. 

IlowyueHHble HaMH pe3YyJIbTATbI 103B0- 
JIAIOT CUHTATb, YTO HaGoaBlinecA HU 
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6°8 
Qxu pa3bumuy 
Puce. 2. VM3meHeHua MHHHMAJIbHOM KOH- 
WeHTpalwH CTPHXHHHa,  BbIsbIBaIOMelt 


MOJIHOE BbIKJOYeHHE TaBaTebHOrO pe- 
(ekca, B XOZ€ pa3sBHTHA HraucToro 
TpHTOHAa 


paHee pa3HbIMH aBTOpaMH BO3pacTHble 
M3MeHEHHA UYBCTBUTeIbHOCTH HepBHOM 

CHCTeMbI K CTPHXHHHY MpHypoueHbl K BMOIHe OlpeevIeHHbIM (pa3aM OHTOreHe3a 
TeX pedJIeKTOPHbIX M€XAHH3MOB, KOTOPbl€e B 3peJIOM BH UYBCTBHTeIbHbI K 
CTpHXHHHy. 

Kpome Toro, Ha OCHOBaHHM MOJIYYeHHBIX pe3y/IbTATOB, Mbl MOXKeM BbICKa3aTb 
HEKOTOpble KOCBeHHbIe cyKeHHua. Kak W3BeCTHO, crelMduyeckoe jlelcTBHe 
CTPHXHHHA HA MOTOHEMpOHbI CMHMHHOrO Mo3sra OOyCJOBeHO M30“paTebHbIM 
OJIOKMpOBaHveM TepelayH UMIyJIbCOB C TOPMO3HbIX CHHAITHYeCKHX OKOHYA- 
HHH Ha MOTOHeMpoub! (*). Hamm onToreHeTH¥ecKHe JaHHble MO3BOAIOT Mpes- 
moslaraTb, YTO OJOKHpOBaHHe OCYINeCTBAAeTCA, MO-BUHMOMY, CO CTOPOHEI cy6- 
CHHanTHYeCcKOH OOaCTH MOTOHEHpOHOB, a He B CAaMHX TOPMO3HbIX OKOHUAHHAX, 
Ec 6bt 6bIN0 HaOGOpoT, TO B OHTOreHese pedJeKTOPHOFO aKTa PelIMTeIbHbIM 
CABUr 4YBCTBUTebHOCTH K CTPHXHHHY JOKeH Obl Obl HaOOLaTbCA Ha TOI 
dbase, Kora BeM4HHA pedsieKca pe3KO YMeHbLIaeTCA,— OYeBHAHO, BCJeACTBHeE 
«OO6pacTaHHA» COOTBETCTBYIONeroO MOTOPHOrO WeHTpa TOPMO3HbIMH OKOHYAHHA- 
mu. Ha camMom jleie 9TOT CABUr MpOwCXOAUT B TeveHHe MpesbilyuleH dasbl. 
OjHako JIA OKOHWATEIbHBIX Cy2KeHHi 10 STOMY BaxKHOMY BOMIpocy TpeOyioTca 
elle HM MpAMble SKCHepHMeHTaJIbHble MCCIeqOBaHHA. 


Mockosckult rocyapcTBeHHbIit YHHBepCHTeT Mocerynuso 
um. M. B. Jlomonocosa 29 VI 1960 
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